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Abstract
Abstract
Holocene sea level change and archaeology in the inner Thames
estuary, London, UK.
Submitted in 2003 for the degree of Doctor of Philosophy
E.J. Sidell
This thesis examines the evidence for Holocene relative sea level change (RSL) in the inner Thames
estuary. In addition, the nature of human occupation within the Thames floodplain is considered in the
light of evidence for relative sea level and other environmental change. Furthermore, the use of
archaeological data is tested as a means of obtaining useful and robust RSL datasets.
The Thames estuary, although one of the largest estuaries in the country, has not been examined
since the late 1970's (Devoy 1977a, 1979) and subsequent examination of this work has suggested problems
with the model. Nevertheless, the model is in common use, particularly by archaeologists to contextualize
their findings. This thesis examines the problems with the sequence based on the typesite of Tilbury (Devoy
1979) and the unrepresentative nature of the model propounded on that site. A more simple but
representative tripartite model is proposed for the study area from the City of London downstream to the
border with Kent and Essex. This model indicates the presence of an initial Early Holocene marine
transgression followed by a slowing in the rate of relative sea level rise and concurrent expansion of peat
forming communities (wood peat and then alder can) from c. 4800-3800 cal BC. This is followed by a
second marine transgression starting c. 1500 cal BC and still in progress today.
Examination of archaeological evidence indicates a significant drop in river levels during the
Roman period, for which there is no conventional sea level data available in the Thames. Subsequent
periods show a rise in river levels and have also been used to reconstruct past tide levels. This indicates an
almost tripling of the tidal range in central London since the Roman period. These data have been used to
calculate sea level index points and show a discrepancy of almost 3m between those calculated with modern
and Roman tide levels.
A key aspect of this thesis is to establish whether there s any response by the human population
to changes in floodplain configuration. Examination of archaeological evidence indicates that there are links
between environmental change and spatial patterning of human activity that can be distinguished from
purely cultural processes. This is primarily associated with the initial transgression restricting land
availability, followed by expansion of wetlands, creating more land for uses such as grazing stock. The
second transgression sees a widespread abandonment of the floodplain, but not the hinterland. During this
transgression, there is an apparent relatively short-lived drop in river levels, to which the Roman population
adapts by constant rebuilding of the waterfront in an attempt to maintain a functioning port.
Contents
Contents: Volume I
ABSTRACT
	
2
CONTENTS: VOLUME I
	
3
CONTENTS: VOLUME II
	
5
FIGURES: VOLUME I
	
6
FIGURES: VOLUME II
	
9
TABLES: VOLUME I
	
10
TABLES: VOLUME II
	
11
DECLARATION
	
11
STATEMENT OF COPYRIGHT
	
11
ACKNOWLEDGEMENTS
	
12
LIST OF ABBREVIATIONS
	
13
SECTION I: INTRODUCTION
	
17
CHAPTER 1. INTRODUCTION TO THE THESIS
	 17
1.1 Introduction	 17
1.2 Aims
	 18
1.2 Aims	 18
1.3 Objectives	 19
1.4 Research framework
	
19
1.5 Structure	 23
1.6 Developer funded archaeology	 24
CHAPTER 2. LITERATURE REVIEW	 29
2.1 The history of sea level research
	
29
2.2 Methods for establishing sea level change	 30
2.3 Sea level research in the Thames estuary	 42
2.4 Sea level change and archaeology in London 	 60
2.5 Geological and archaeological background to Greater London 	 67
CHAPTER 3. METhODS	 103
3.1 Introduction	 103
3.2 Sample recovery	 103
3.3 Sedimentology	 105
3.4 Radiocarbon dating	 110
3.5 Biostratigraphy	 113
3.6 Relative sea level
	
118
SECTION II. SITE DATA
	
125
CHAPTER 4. WENNINGTON MARSH, A13 RELIEF ROAD, LONDON BOROUGH OF HAVERING, RM15 125
4.1 Introduction	 125
4.2 The Sequence	 133
4.3 Site Summary	 142
CHAPTER 5. VOYAGERS QUAY, COPPERFIELD ROAD, LONDON BOROUGH OF BEXLEY, SE28
	
145
5.1 Introduction	 145
5.2 The sequence	 155
5.3 Site summary	 160
CHAPTER 6. GALLIONS REAcH URBAN VILLAGE, LONDON BOROUGH OF GREENWICH, SE28
	
164
6.1 Introduction	 164
6.2 The Sequence	 172
6.3 Site summary	 180
CHAPTER 7. NORTH WOOLWICH PUMPING STATION, LONDON BOROUGH OF NEWI-IAM, E16
	
184
2
Contents
7.1 Introduction	 184
7.2 The Sequence	 191
7.3 Site Summary	 200
CHAPTER 8. SILVERTOWN URBAN VILLAGE, LONDON BOROUGH OF NEWHAM El 6 	 202
8.1 Introduction	 202
8.2TheSequence	 207
8.3 Site summary	 219
CHAPTER 9. MASTHOUSE TERRACE, ISLE OF DOGS, LONDON BOROUGH OF TOWER HAMLETS, E14 223
9.1 Introduction	 223
9.2 The Sequence	 229
9.3 Site summary	 237
CHAPTER 10. SUFFOLK HOUSE, 154-56 UPPER THAMES STREET, CITY OF LONDON, EC4	 241
10.1 Introduction	 241
10.2 The sequence	 247
10.3 Site summary	 253
SECTION III: ANALYSIS
	
257
INTRODUCTION
	
257
CHAPTER 11. SEA LEVEL CHANGE
	
258
11.1 Tendency
	 258
11.2 Age-altitude
	 279
11.3 Archaeological datasets
	 304
11.4 Summary
	 332
CHAPTER 12. HUMAN RESPONSE TO ENVIRONMENTAL CHANGE
	
333
12.1 Introduction
	 333
12.2 The Early Holocene transgression
	 334
12.3 Wetland E)qansion 	 342
12.4 Second transgression
	 356
12.5 Discussion
	 362
SECTION IV: CONCLUSIONS
	
379
CHAPTER 13. CoNcLusioNs, EVALUATION AND THE FUTURE
	
379
13.1 Conclusions
	 379
13.2 Evaluation of aims and objectives 	 381
13.3 Future directions	 386
REFERENCES
	
389
Websites
	
426
Contents
Contents: Volume II
CONTENTS...............................................................................................................................427
APPENDIX 1. WENNINGTON MARSH, LONDON BOROUGH OF HAVERING (TQ 5425 8025)433
1 .1 LIrHOLOGY.........................................................................................................................435
Group1, (unit 1, -2.68-2.55m OD).......................................................................................435
Group2, (unit 2, -2.55-2.49m OD).......................................................................................435
Group3, (units 3-6, -2.49— 1.80m 00) ...............................................................................435
Group4, (units 7-9, -1.80-1.32m OD)..................................................................................435
Group5, (unit 10, -1.32-1.28m OD) .....................................................................................436
Group6, (unit 11, -1.28- -O.97m OD)...................................................................................436
Magneticsusceptibility (low frequency)................................................................................436
Percentageorganic carbon..................................................................................................438
1.2 CHRONOLOGY.....................................................................................................................442
Radiocarbon........................................................................................................................442
Dendrochrnnology...............................................................................................................442
1.3 BIOSTRATIGRAPHY ..............................................................................................................444
Diatoms...............................................................................................................................444
Pollen..................................................................................................................................446
Plantmacrn-fossils..............................................................................................................446
Trees...................................................................................................................................448
APPENDIX 2. VOYAGERS QUAY, LONDON BOROUGH OF BEXLEY, SE28 (TQ 4730 8130) 449
2.1 L1FHOLOGY.........................................................................................................................453
BHI.....................................................................................................................................453
BH2.....................................................................................................................................455
Magneticsusceptibility (low frequency)................................................................................456
Percentageorganic carbon..................................................................................................458
2.2 CHRONOLOGY.....................................................................................................................463
Radiocarbon........................................................................................................................463
2.3 BIOSTRATIGRAPHY ..............................................................................................................465
Diatoms...............................................................................................................................465
Pollen..................................................................................................................................471
APPENDIX 3. GALLIONS REACH, LONDON BOROUGH OF GREENWICH, SE28 (TQ 4490
7985) .......................................................................................................................................... 472
3.1 LITHOLOGY.........................................................................................................................485
BH1.....................................................................................................................................485
BH2.....................................................................................................................................486
BH3.....................................................................................................................................488
BH4.....................................................................................................................................488
BH5.....................................................................................................................................489
BH6.....................................................................................................................................490
BH7.....................................................................................................................................491
BH8.....................................................................................................................................492
Magneticsusceptibility (low frequency)................................................................................493
Percentageorganic carbon..................................................................................................496
3.2 CHRONOLOGY.....................................................................................................................501
Radiocarbon........................................................................................................................501
3.3 BIOSTRATIGRAPHY ..............................................................................................................503
Diatoms...............................................................................................................................503
Pollen..................................................................................................................................506
APPENDIX 4. NORTH WOOLWICH PUMPING STATION, LONDON BOROUGH OF NEWHAM,
(TQ 4345 7985) ..........................................................................................................................507
4
Contents
4.1 LITHOLOGY . 509
Coredescription.................................................................................................................. 509
Magneticsusceptibility (low frequency)................................................................................ 510
Percentageorganic carbon.................................................................................................. 513
4 .2 CHRONOLOGY.....................................................................................................................519
Radiocarbon ........................................................................................................................519
4 .3 BIOSTRATIGRAPHY ..............................................................................................................521
Diatoms ...............................................................................................................................521
Pollen ..................................................................................................................................527
APPENDIX 5. SILVERTOWN URBAN VILLAGE, LONDON BOROUGH OF NEWHAM, E16 (TQ
4050 8035) ................................................................................................................................. 528
5.1 LITHOLOGY.........................................................................................................................537
BH2.....................................................................................................................................537
BH3.....................................................................................................................................538
BH4.....................................................................................................................................539
BH5.....................................................................................................................................540
BH6.....................................................................................................................................540
8H7.....................................................................................................................................542
8H8.....................................................................................................................................543
Magneticsusceptibility (low frequency)................................................................................ 546
Percentageorganic carbon.................................................................................................. 548
5.2 CHRONOLOGY.....................................................................................................................554
Radiocarbon ........................................................................................................................ 554
5.3 BIOSTRATIGRAPHY ..............................................................................................................557
Diatoms ...............................................................................................................................557
Pollen ..................................................................................................................................557
APPENDIX 6. MASTHOUSE TERRACE, LONDON BOROUGH OF TOWER HAMLETS, E13 (TQ
37507850) ................................................................................................................................. 559
6.1 LITHOLOGY.........................................................................................................................566
BH1.....................................................................................................................................566
BH2.....................................................................................................................................567
BH3.....................................................................................................................................569
Magneticsusceptibility (low frequency)................................................................................ 571
Percentageorganic carbon.................................................................................................. 574
6.2 CHRONOLOGY.....................................................................................................................579
Radiocarbon ........................................................................................................................579
6.3 BIOSTRATIGRAPI-IY ..............................................................................................................581
Diatoms ...............................................................................................................................581
APPENDIX 7. SUFFOLK HOUSE, CITY OF LONDON, EC4 (TO 3271 8077)...........................586
7.1 LrTHOLOGY.........................................................................................................................589
sequence 56, engineering pit 11.......................................................................................... 589
Sequence 72, engineering pit 20..........................................................................................590
Magnetic susceptibility (low frequency)................................................................................ 590
percentageorganic carbon.................................................................................................. 593
7.1 CHRONOLOGY.....................................................................................................................599
Dendmchronology ...............................................................................................................599
Radiocarbon ........................................................................................................................600
7.3 BIOSTRATIGRAPHY ..............................................................................................................602
Diatoms ...............................................................................................................................602
pollen ..................................................................................................................................602
APPENDIX8. RELATIVE SEA LEVEL CALCULATIONS ......................................................... 604
8.1 INTRODUCTION ................................................................................................................... 604
5
Figures: Volume I
Figure 1. Developer-funded excavation underneath Borough High Street................................25
Figure2. Regional age-altitude graph .....................................................................................31
Figure3. Tendency graph.......................................................................................................36
Figure 4. Location map of London sites mentioned in this section ...........................................43
Figure5. Devoy's study area ..................................................................................................47
Figure6. Stratigraphy used in the 'Devoy model' ....................................................................48
Figure7. Sea level curves, from Devoy...................................................................................49
Figure 8. Contact of upper organic deposit to overlying mineral sediment, recorded at Tilbury as
partof an IGCP project 437 field trip...............................................................................52
Figure9. Hullbridge survey study area....................................................................................55
Figure10. The Jubilee Line Extension ....................................................................................56
Figure 11. Current age-altitude curve for relative sea level fluctuations in the Thames estuary 58
Figure12. Summary estuary development diagram ................................................................58
Figure13. River level change graph .......................................................................................61
Figure 14. Relative river level graph from Trig Lane................................................................64
Figure15. Medieval London Bridge ........................................................................................66
Figure 16. Location map of sites mentioned in discussion of geology......................................69
Figure17. The Lower Thames terraces, Anglianto Holocee .................................................71
Figure18. Summary Holocene sequence ..............................................................................74
Figure19. Location map of Palaeolithic and Mesolithic sites...................................................76
Figure20. Flint toots from Wansunt Pit ...................................................................................77
Figure21. Flint tools from Three Ways Wharf.........................................................................78
Figure22. Reconstruction of the B&Q site ..............................................................................80
Figure23. Location map of later prehistoric sites ....................................................................83
Figure24. Reconstruction of the Stariwell Cursus...................................................................85
Figure 25. Bronze Age trackway with reconstruction from Beckton 3D ....................................86
Figure 26. Location map of Roman and post-Roman sites outside the city walls .....................90
Figure 27. Location map of Roman and post-Roman sites inside the city walls........................92
Figure28. Reconstruction of Londinium in the 2 century AD.................................................93
Figure 29. Excavation at the Royal Opera House showing surfaces slumping into earlier pits.. 96
Figure30. Reconstruction of the Rose Theatre.......................................................................99
Figure 31. Section from the 16th century Agas map showing the expansion of the City into
Westminster.................................................................................................................100
Figure32. Face section sampling using monolith tins............................................................104
Figure 33. Code sheet used to complete the Troels-Smith descriptions.................................106
Figure34. Troels-Smith proforma sheet................................................................................107
Figure35. The estuanne diatom Cocconeisplacentula ......................................................... 114
Figure36. Diagram of changes in water level........................................................................122
Figure 37. Location map of Wennington Marsh and other sites mentioned in this chapter......126
Figure 38. Stratigraphy in the vicinity of Wennington Marsh; CTRL route window, cores 121 and
18 ................................................................................................................................129
Figure39. Hamsons Wharf sedimentary log .........................................................................130
Figure40. Sampled section at Wennington Marsh ................................................................131
Figure 41. Detail of the underlying silt clay and wood peat in the sampled section atWennington
Marsh..........................................................................................................................132
Figure42. Wennington Marsh lithological diagram ................................................................134
Figure43. Wennington Marsh diatom diagram......................................................................135
Figure44. Wennington Marsh pollen diagram.......................................................................138
Figure 45. Some of the Taxus trunks from Wennington Marsh .............................................140
Figure46. Wennington Marsh summary diagram..................................................................144
Figure 47. Location map of Voyagers Quay and other sites mentioned in this chapter...........146
Figure48. Stratigraphy in the vicinity of Voyagers Quay........................................................148
Figure49. RSL curve............................................................................................................150
Figure 50. Voyagers Quay site outline and borehole location plan.........................................152
Figures
Figure51. Voyagers Quay lithological diagram .....................................................................153
Figure52. Voyagers Quay diatom diagram ...........................................................................154
Figure53. Voyagers Quay pollen diagram ............................................................................157
Figure54. Voyagers Quay summary diagram .......................................................................163
Figure 55. Location map of Gallions Reach and other sites mentioned in this chapter...........165
Figure56. Stratigraphy in the vicinity of Gallions Reach........................................................167
Figure 57. Gallions Reach site outline and borehole location plan.........................................169
Figure58. Gallions Reach lithological diagram, BHI-4..........................................................170
Figure59. Gallions Reach lithological diagram, BH5-8..........................................................171
Figure60. Gallions Reach diatom diagram ...........................................................................174
Figure61. Gallions Reach pollen diagram.............................................................................175
Figure62. Gallions Reach summary diagram (BH2)..............................................................181
Figure 63. Location map of North Woolwich Pumping Station and other sites mentioned in this
chapter.........................................................................................................................186
Figure 64. Stratigraphy in the vicinity of North Woolwich Pumping Station.............................187
Figure65. Section at North Woolwich Pumping Station ........................................................189
Figure 66. Upper samples in section at North Wootwich Pumping Station .............................190
Figure 67. Lower samples in section at North Woolwich Pumping Station .............................190
Figure 68. North Woolwich Pumping Station lithological diagram ..........................................191
Figure69. North Woolwich Pumping Station diatom diagram ................................................192
Figure70. North Woolwich Pumping Station pollen diagram ................................................197
Figure 71. North Woolwich Pumping Station summary diagram ............................................201
Figure 72. Location map of Silvertown urban village and other sites mentioned in this chapter2O4
Figure 73. Stratigraphy in the vicinity of Silvertown Urban Village..........................................205
Figure 74. Silvertown Urban Village site outline and borehole location plan...........................208
Figure 75. Silvertown Urban Village lithological diagram BH2-4 ............................................209
Figure 76. Silvertown Urban Village lithological diagram BH4-8.............................................210
Figure77. Silvertown urban village pollen diagram ...............................................................213
Figure78. Silvertown Urban Village summary diagram (BH2) ...............................................222
Figure 79. Location map of Masthouse Terrace and other sites mentioned in this chapter.....224
Figure 80. Stratigraphy recorded in the vicinity of Masthouse Terrace...................................227
Figure 81. Masthouse Terrace site outline and borehole location plan...................................229
Figure82. Masthouse Terrace lithological diagram ...............................................................230
Figure83. Masthouse Terrace diatom diagram.....................................................................231
Figure 85. Location map of Suffolk House and other sites mentioned in this chapter.............242
Figure 86. Location of Suffolk House engineering pits within the site outline..........................247
Figure87. Suffolk House lithological diagram........................................................................248
Figure88. Roman quay (waterfront 2), Suffolk House EN1 1 .................................................250
Figure89. Projected line of waterfronts.................................................................................253
Figure91. Key to stratigraphic and lithological diagrams.......................................................255
Figure 92. Location map of London sites mentioned in Chapter 11.1.....................................260
Figure93. Tendency bars for selected cores (by depth)........................................................261
Figure94. Tendency bars for selected cores (by age)...........................................................262
Figure 95. Radiocarbon dates from the study area used in tendency analysis .......................265
Figure96. Synthetic tendency bars forthe study area...........................................................266
Figure97. Tendency diagram of the Fenland sequence........................................................271
Figure 98. Location map of areas used as regional comparisons for sea level tendency........272
Figure 99. Tendency diagram comparing the east Kent Fens and the Thames......................273
Figure 100. Simplified stratigraphic section of estuanne sequences from southern England .. 274
Figure101. Tendency diagram for Goldcliff...........................................................................275
Figure 102. Tendency graph for the Humber during the period C. 1550 cal BC to AD15O.......276
Figure 103. Location map of London sites mentioned in Chapter 11.2...................................280
Figure 104. Graph showing sea level index points from the Thames estuary, reduced to MSL,
calculatedusing MHWST and HAT values for 2001......................................................282
Figure 105. Graphs showing sea level index points from the Thames estuary, reduced to MSL,
calculatedAD5O values (bottom).................................................................................283
Figure 106. Graphs showing sea level index points from the Thames estuary, reduced to MSL,
calculatedusing AD300 values.....................................................................................284
Figures
Figure 107. Graph showing sea level index points from the Thames estuary, reduced to MSL,
calculatedusing AD1 000 values...................................................................................285
Figure 108. Graph showing sea level index points from the Thames estuary, reduced to MSL,
calculatedADI400 values...........................................................................................286
Figure 109. Graph distinguishing new and old (Shennan 1989) sea level index points from the
Thames estuary, calculated using modem MHWST and HAT.......................................287
Figure 110. Graph distinguishing basal sea level index points from the Thames estuary,
calculatedusing modem MHWST and HAT..................................................................288
Based on calculations using modem reference water levels and not correcting for compaction292
Figure111. Bar chart showing estimated rates of MSL rise...................................................292
Figure 112. Simplified stratigraphic cross-section through the Thames estuary .....................296
Figure 113. Graphs showing tidal variation within the estuary ...............................................300
Figure 114. Location map of prehistoric sites discussed in Chapter 11.3...............................305
Figure115. Flints from the Erith Spine Road, Bexley ............................................................307
Figure116. Fort Street trackway...........................................................................................308
Figure117. Drawing of the Erith trackway.............................................................................310
Figure118. Reconstruction of the Bramcotetrackway...........................................................311
Figure 119. Ard marks found at Phoenix Wharf and ard share found at Three Oak Lane,
Southwark....................................................................................................................312
Figure120. The Fennings Wharf barrow ..............................................................................313
Figure 121. Location map of historic period sites mentioned in Chapter 11.3.........................315
Figure122. Neronian quay from Regis House.......................................................................319
Figure 123. Reconstructed cross-section through Seal House late second century waterfront32l
Figure 124. Graph of the altitudes recorded for the top of the Roman waterfronts..................322
Figure125. TEX4 under excavation......................................................................................324
Figure 126. Reconstruction of the Saxo-Norman timber jetty at New Fresh Wharf.................325
Figure 127. Cross-section of sequence from New Fresh Wharf and Billingsgate....................326
Figure 128. Fourteenth century timber quay from Custom House..........................................327
Figure129. Timber revetment from Trig Lane .......................................................................328
Figure 130. Graph of the altitudes recorded for the top of the medieval waterfronts...............329
Figure 131. Map showing sites discussed under Early Holocene transgression.....................336
Figure132. Thames pick,' ...................................................................................................338
Figure133. Grimston Lyle Hills pottery from Erith ................................................................340
Figure134. Launders Lane Neolithic enclosure ....................................................................341
Figure135. Jadeite axe from the Thames.............................................................................343
Figure136. Map of sites mentioned in Chapter 12.3 .............................................................344
Figure137. Axe and macehead from the Thames.................................................................347
Figure138. The Beaker bowl from Hopton Street..................................................................348
Figure139. The side-looped spearheads from Vauxhall........................................................350
Figure140. The Dagenham idol............................................................................................353
Figure141. Map of the east London floodplain......................................................................354
Figure142. Bronze Age weaponry from the Thames.............................................................356
Figure 144. Models for interpreting human response to climate change ................................366
Figure145. The Iron Age Battersea shield ............................................................................370
Figure146. Location map of Goldcliff....................................................................................372
Figure147. Somerset god-dolly............................................................................................374
Figure 148. Wittemoor 'couple' and conjectural reconstruction of their position on the trackway
...........................................................................................................375
Figures
Figures: Volume II
Figure149. Wennington Marsh magnetic susceptibility graph ....................................................440
Figure 150. Wennington Marsh percentage organic carbon graph ..............................................441
Figure151. Wennington Marsh radiocarbon measurements.......................................................442
Figure152. Voyagers Quay magnetic susceptibility graph..........................................................461
Figure153. Voyagers Quay percentage organic carbon graph....................................................462
Figure154. Voyagers Quay radiocarbon measurements (8H2) ..................................................463
Figure155. Gallions Reach magnetic susceptibility graph ..........................................................499
Figure156. Gallions Reach percentage organic carbon graph....................................................500
Figure157. Gallions Reach radiocarbon measurements.............................................................501
Figure158. North Woolwich magnetic susceptibility graph .........................................................517
Figure159. North Woolwich percentage organic carbon graph...................................................518
Figure160. North Woolwich radiocarbon measurements............................................................519
Figure161. Silvertown magnetic susceptibility graph..................................................................552
Figure162. Silvertown percentage organic carbon graph ...........................................................553
Figure163. Silvertown radiocarbon measurements (BH8) ..........................................................554
Figure164. Masthouse Terrace magnetic susceptibility graph....................................................577
Figure 165. Masthouse Terrace percentage organic carbon graph..............................................578
Figure 166. Masthouse Terrace radiocarbon measurements (BHI) ............................................579
Figure 167. Suffolk House magnetic susceptibility graph (sequence 56 EN1 1) ...........................595
Figure 168. Suffolk House magnetic susceptibility graph (sequence 72 EN2O) ...........................596
Figure 169. Suffolk House percentage organic carbon graph (sequence 56 EN1I).....................597
Figure 170. Suffolk House percentage organic carbon graph (sequence 72 EN2O).....................598
Figure 171. Suffolk House radiocarbon measurements (sequence 56, EN 11)............................600
Figure 172. Suffolk House radiocarbon measurements (sequence 72, EN2O).............................600
9
Tables
Tables: Volume I
Table1. Chronological chart...................................................................................................22
Table2. Codes and descriptions for tendency types ...............................................................34
Table3. Errors involved when calculating sea level ................................................................37
Table4. Sites shown on Figure 4............................................................................................44
Table 5. Greensmith and Tucker's 1973 model of Thames transgressive events.....................46
Table6. Chronology and altitude of the Thames units.............................................................50
Table7. Thames I-V...............................................................................................................54
Table8. Sites shown on Figure 16..........................................................................................70
Table9. Summary of the Thames terrace nomenclature .........................................................72
Table10. Sites shown on Figure 19........................................................................................75
Table11. Sites shown on Figure 23........................................................................................82
Table12. Sites shown on Figure 26........................................................................................91
Table13. Sites shown on Figure 27........................................................................................91
Table14. Halobian system ...................................................................................................116
Table 15. Reference water levels (H AT) at some of the Thames tide gauge stations.............123
Table 16. Reference water levels (MHWST) at some of the Thames tide gauge stations.......123
Table17. Sites shown on Figure 37......................................................................................127
Table18. Sites shown on Figure 47......................................................................................147
Table19. Sites shown on Figure 55......................................................................................166
Table20. Sites shown on Figure 63......................................................................................166
Table21. Sites shown on Figure 72......................................................................................203
Table22. Sites shown on Figure 55......................................................................................166
Table23. Sites shown on Figure 85......................................................................................243
Table24. Sites shown on Figure 92......................................................................................259
Table25. Proposed tendency phases for the inner Thames..................................................267
Table26. Radiocarbon dates from the Beckton peats...........................................................268
Table27. Details of tendencies of movement for study sites .................................................277
Table28. Sites shown on Figure 103....................................................................................281
Table29. Sites shown on Figure 114....................................................................................306
Table30. Sites shown on Figure 121 ....................................................................................316
Table 31. Upper and lower limits of the London waterfront in metres OD...............................331
Table32. Sites shown on Figure 131 ....................................................................................337
Table33. Sites shown on Figure 136....................................................................................345
Table34. Sites shown on Figure 143....................................................................................359
Table 35. Summary of activity and associated cultural processes .........................................364
10
Tables
Tables: Volume II
Table36. Wennington Marsh sedimentary log............................................................................434
Table37. Wennington Marsh magnetic susceptibility results......................................................437
Table38. Wennington Marsh percentage organic carbon results................................................439
Table39. Wennington Marsh radiocarbon results.......................................................................443
Table40. Wennington Marsh diatom sample details...................................................................444
Table41. Wennington Marsh diatom counts...............................................................................445
Table42. Wennington Marsh tree details ...................................................................................448
Table43. Voyagers Quay BH1 sedimentary log .........................................................................451
Table44. Voyagers Quay BH2 sedimentary log .........................................................................452
Table45. Voyagers Quay magnetic susceptibility results............................................................458
Table46. Voyagers Quay percentage organic carbon results .....................................................460
Table47. Voyagers Quay radiocarbon results ............................................................................464
Table48. Voyagers Quay diatom sample details........................................................................465
Table49. Voyagers Quay diatom counts....................................................................................470
Table50. Gallions Reach BHI sedimentary log..........................................................................474
Table51. Gallions Reach BH2 sedimentary log..........................................................................475
Table52. Gallions Reach BH3 sedimentary log..........................................................................476
Table53. Gallions Reach BH4 sedimentary log..........................................................................478
Table54. Gallions Reach BH5 sedimentary log..........................................................................480
Table55. Gallions Reach BH6 sedimentary log..........................................................................482
Table56. Gallions Reach BH7 sedimentary log..........................................................................483
Table57. Gallions Reach BH8 sedimentary log..........................................................................484
Table58. Gallions Reach magnetic susceptibility results (BH2)..................................................495
Table59. Gallions Reach percentage organic carbon results (BH2)............................................498
Table60. Gallions Reach radiocarbon results.............................................................................502
Table61. Gallions Reach diatom sample details........................................................................503
Table62. Gallions Reach diatom counts ....................................................................................505
Table63. North Woolwich sedimentary log.................................................................................508
Table64. North Woolwich magnetic susceptibility results...........................................................513
Table65. North Woolwich percentage organic carbon results.....................................................516
Table66. North Woolwich radiocarbon results............................................................................520
Table67. North Woolwich diatom sample details .......................................................................522
Table68. North Woclwich diatom counts ...................................................................................526
Table69. Silvertown BH2 sedimentary log .................................................................................529
Table70. Silvertown BH3 sedimentary log .................................................................................530
Table71. Silvertown BH4 sedimentary log .................................................................................531
Table72. Silvertown BH5 sedimentary log .................................................................................532
Table73. Silvertown BH6 sedimentary log .................................................................................533
Table74. Silvertown BH7 sedimentary log .................................................................................534
Table75. Silvertown BH8 sedimentary log .................................................................................536
Table76. Silvertown magnetic susceptibility results (BH8) .........................................................548
Table77. Silvertown percentage organic carbon results (BH8)...................................................551
Table78. Silvertown radiocarbon results....................................................................................556
Table79. Masthouse Terrace BH1 sedimentary log....................................................................562
Table80. Masthouse Terrace BH2 sedimentary log....................................................................563
Table81. Masthouse Terrace BH3 sedimentary log....................................................................565
Table 82. Masthouse Terrace magnetic susceptibility results (BH1)............................................573
Table 83. Masthouse Terrace percentage organic carbon results (BH1) .....................................576
Table84. Masthouse Terrace radiocarbon results ......................................................................580
Table85. Masthouse Terrace diatom sample details..................................................................581
Table86. Masthouse Terrace diatom counts (BHI) ....................................................................585
Table87. Suffolk House sedimentary log, sequence 56, EN1 1 ...................................................587
11
Tables
Table 88. Suffolk House sedimentary log, sequence 72, ENI 1. 588
Table 89. Suffolk House magnetic susceptibility results (sample 56 EN1 1).................................591
Table 90. Suffolk House magnetic susceptibility results (sample 72 EN2O).................................592
Table 91. Suffolk House percentage organic carbon results (sample 56 EN11) ..........................593
Table 92. Suffolk House percentage organic carbon results (sequence 72 EN2O).......................594
Table93. Suffolk House dendrochronology results.....................................................................599
Table94. Suffolk House radiocarbon results ..............................................................................601
Table95. Suffolk House pollen counts .......................................................................................603
Table96. Locations of samples used in MSL calculations ..........................................................605
Table97. Radiocarbon details of sea level index points .............................................................608
Table98. Details used to construct reference water levels .........................................................610
Table99. Error values associated with the new samples............................................................611
Table 100. MSL values, based on the use of ancient and modem calculations of MHWST and HAT
...................................................................................................................614
12
Declaration
Declaration
ri]	
ia(criai contained vii1 iiii this ii ICSiS has Hot l)CCII USC(J IS Stil)IfliSSiOfl foi aity oilier
degree whatsoever.
Statement of Copyright
The copyright oF this thesis rests with the author. No quotation from it should he
published without her pnor wnttcn consent all(l nilorinatioti derived li-ow it should be
aCknovlc(lgCd.
13
Acknowledgem ents
Acknowledgements
A great number of individuals and orga!uzalioiis liavc assisted materiall y viih the research
and production ol this thesis. My wholehearted thanks go to them all. Initiall y , these are
those %Vll() lunde(l the tuition fees, thc Museum of I imdon Archaeology Service
(MoIAS), the \Vorshipful Company of Grocers, The Lnviro!lmcnt Agency and my
parents. As someone with little knowledge ol the research world of physical geography, I
0WC a debt o1 gratitude to all those both in 1)urluun and London who softened the
learning curve. In I)urhani, my thanks go to Robin FAlwar(ls, Ben Horton, Jim Times,
1)avc Roberts, Mati Wright and Yoiigqiang Zong. In London, my thanks go especially to
Nigcl Cameron and also Martyn \ValIer and Andrew Haggart. In addition, I must thank
Jason Kirby. Furtimenriore, tile generous assistance of the Durham Geography department
technicians is gratefully acknowledged.
Many archaeologists have been of great assistance both intellectually and
technically: l)nhllanly Keith Wilkinson and also Ian Tycrs, Pete Hinton, Simon
Dobiiison, James Rackham, Brian Kerr, Gustav Mime and Jon Cotton. Also my thanks
go to Ash Rennie for his assistance with the maths, Barry Taylor and Paul Cliarlton of the
Greater London Sites and Monuments Record (GLSMR) for their assistance with SMR
entries and mapping, and to Alex Langland, Monica Kendall, Alex Bayliss and Sophie
Scel. I must also thank all those from die MoLAS field team who worked on the
archaeological sites and assisted with many vital discussions, particularly julian Ayre,
David Bowsher, Trevor Brigham,Jane Corcoran, Andy Fairbairn, Alan Gammon, Pat
Hunter, Graham Spun, Bruce Watson, Aidan Woodger, Robin Wroe-Brown and to
Derek Seeley and Nick Truckic for supplying records and infonnation. Several
organizations have provided vital support, and grateful thanks must go to Kim Farthing
and Rachacl Hill of the Environment Agemicy and Keith Elliott of the Port of London
Authority as well as the Museum of London, the Institute of Archaeology, UCL and
English Heritage.
Finally, the largest vote of thanks must go to my supervisors, Rob Scaife and Ian
Shennan, but most particularly to Antouy Long, for his enthusiasm, inspiration and slicer
blind faith in this research.
11
Abbreviations
List of abbreviations
(This does not include the Troels-Smith (1955) codes, which are given in Chapter 3.)
r11!rnTi	 I
AD	 Anno Domini (In the year of our Lord)
ALT	 Altitude
AMS	 Accelerator Mass Spectrometry
BC	 Before Christ
BGS	 British Geological Survey
BH	 Borehole
BP	 Before Present (AD 1950)
C	 Centigrade
C.	 Circa (approximately)
CF	 Confer (compares with)
CAL	 Calibrated
CL	 Centilitres
CTRL	 Channel Tunnel Rail Link
DoE	 Department of the Environment
ECRC	 Environmental Change Research Centre
EH	 English Heritage
EN	 Engineering Pit
GLSMR	 Greater London Sites and Monuments Record
GPS	 Global Positioning System
GSF	 Geoarchaeology Service Facility
HAT	 Highest Astronomical Tide
HMSO	 Her Majesties Stationery Office
ID	 Indicative Difference
IGCP	 International Geoscience Programme
IM	 Indicative Meaning
LAT	 Lowest Astronomical Tide
LOIS	 Land Ocean Interaction Study
MAP2	 The Management of Archaeological Projects (2 edition)
MHW	 Mean High Water
MHWNT	 Mean High Water of Neap Tides
MHWST	 Mean High Water of Spring Tides
15
Abbreviations
MLWNT	 Mean Low Water of Neap Tides
MLWST	 Mean Low Water of Spring Tides
MM	 Millimetres
MoD	 Ministry of Defence
MoLAS	 Museum of London Archaeology Service
MSL	 Mean Sea Level
MTL	 Mean Tide Level
NGR	 National Grid Reference
OD	 Ordnance Datum
OS	 Ordnance Survey
OIS	 Oxygen Isotope Stage
PAZ	 Pollen Assemblage Zone
PLA	 Port of London Authority
PPG16	 Planning Policy Guidance Note 16
RRL	 Relative River Level
RSL	 Relative Sea Level
RSPB	 Royal Society for the Protection of Birds
RWL	 Reference Water Level
SLIP	 Sea Level Index Point
SSSI	 Site of Special Scientific Interest
TOC	 Total Organic Carbon
TST	 Total Station Theodolite
U41100	 Borehole core sample, (4 inches/100 millimetres)
UCL	 University College London
UDP	 Unitary Development Plan
VAR.	 Variety
VCH	 Victoria County History
VOL.	 Volume
Radiocarbon
Degrees
Low Frequency Magnetic Susceptibility
16
Section	 Chapter 1. Introduction to the thesis
Section I: Introduction
Chapter 1. Introduction to the thesis
1.1 Introduction
This chapter outlines the COnCCJ)(S l)ChiIl(I this thcsis. lhc aims aIl(I objectives arc StatC(1,
lollowcd by reasons, (1IJCSEJOnS and iIl(ICC(l whom the work might ultimately l)cneht. The
spatial and teml)oraI boundaries of the stu(ly arc defined ail the structure of thc volumes
outlined. As tins thesis has l)cdn un(lcllaken from within a slightly unconventional
background within a department of Geography, a brief discussion of developer-funded
archaeology has been inclu(led.
The Thames has been studied for several lluIldre(l years, but erratically rather
than systematically. Some aspects 0! its hisory arc reasonably well known, such as the
Pleistocene terrace sequence (Bridghuid 1994; Gibbard 1994), whilst tue Holocene
sequence is only IIOW beginning to be nore widely understoo(l (1)evoy 1979; Bates afl(l
Barhamn 1995; Wilkinson et al. 2000). This follows a hiatus of approMmately a century
since the work of Blandlord (1854), Spurrell (1885, 1889) and Whittaker (1889) and
others unraveling the sedimentary history of the river. Much of this work was undertakeii
opportunistically, following exposures cut for COnstruction work, such as dock excavation,
in much the same way records are made today. In addition to the lithological
descriptions and section drawings, the ecology and archaeology of the floodplain was also
studied. This thesis was undertaken to more filly develop an understanding of the
interaction between the human communities and their environment in the Thames from
the Early 1-lolocene to the medieval period.
The hittorr and antiquities ofall nations and societies ha i been objects ofinquiiy to
curious persons in all agcs, either to separate Ji1sehood from truth and tradition from
eiidciiee, to establish what had probability for its bath, or to .xp/ode what reflected only
oii the ianity of the mi entors and propa,gators'
(Anon, 1 770, introduction to Archaeoloa vol. I)
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1.2 Aims
ilic aims 01 tIns study ai'e:
I . To esablisli the record ol relative sea level (RSL) driven riveiitie aIl(I esRiarnie
changes in (lie iiiiicr l'liamcs estuaty (lilting the Floloccue
7Yii:	 is central (C) the tlicWLS', iiiosl 1V1 bUS s/tidies O1RS'L in the iha.zri es iviate
so/ely to (lie 111K/die an(/ Io;ver Thames, iiiciil(liIig (lie now classic tvoik ofJ)cvoi'
(19Z9,). Yliis I1CC(lS niapj,iiig and coinp;uing wi/li thc liii) Cf csttiaii to l)CttCr
ui)(/eIi(aI)(I estualy WK/C treiids and iiuinaii CSJ)O1)SC and to jrot ide a long-term
backdmp for examiithigpiti ailing iates ofsea level change; a subject ofincreasing
bnpoxiancc for (hose rcsponsible br rivcr defence and flood manaçeinent.
2. To examine developing patterns ol archaCok)glcal sctticrneiit in proximity to the
'I'hames
The Thames floodplain has been widely used in the Holocezie, as a route way,
resource base and home. This aiii specifically relates to the exanthiation of whether
sea level change would have iniluejiced the lives oldie human populations that used
die floodplain and whether any response to cii t ironinennil change arising from
chaiiqing ni er dynamics can be tracked in die archaeological record.
3. To explore the links between data gRthered during study of RSL change and
archaeology in the Thames floodplain
Archaeologists have been interested in river level changes iii die Thames for several
dccadc and hat i et oli ed dicir own inediodologis for studying such change. This
aim is directed towards establishing what benefits may be accrued by a fusion oldie
methods used and results obtained within the discivlines of earth science and
archacoIogy
18
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1.3 Objectives
1. in reisc the curTCnt sea level curves for the Thames (1)evoy I 979; Long 1995; Sidell
ci al. 2000, 110).
2. 10 establish a Pattelli Of HOk)cCIle scdiineii(alioii iii the middle Thames estuary.
3. To evaluate the geographical au(I archacological mCtlIo(Iok)gICS used in thc
('()flStfllctiOli of sea level iI1(ICX f)Oili[S.
4. To evaluate the use of Palacotidal data in the calculation of relative sea level.
5. To examine anthropogcnic influence on tl(lal ru1ge in the Thames.
6. l'o examine methods of rcconstnictmg sea level changes in the historic period.
7. To examine the links between spatial patterning afl(l chironolocal (hstnbutiofl of
archaeological sites witliiii [lie Thames floodplain.
8. To examine the validhy ol undertaking doctoral research using material collected
within the context Of(levelopCr-fUllded archaeology.
1.4 Research framework
A decision was made to undertake this thesis when it became clear that archaeo1ogist in
central London nccdc(l a new model of sea level change and sedimentation to provide a
context in which to uhterpret the results uncovered daily on archaeological sites. The
'Tilbury' model proposed by Robert I)evoy in 1979 (henceforth referred to as the 'Devoy
model') was being applic(l to acUcally aiiy site with peat on it, irrespective of where the
site was, gographical1y, altitudlinally and chronologically. His study area stretches from
the IsIc of Grain to Crossness, with sequences dating from the Mesolithic through to the
Roman period. Furthermore, the Holocene Thames did not seem to be a focus of
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research within tile earth Science coiutnuiuty, unlike tuatty oilier British rivers, such as the
Sevenl (Alien I 97, 1990; A lien and Rae I 9R; Scaifc aiid I oiig 1 994; Bell 2000).
\Vorking iii such an eliviroilinelil was immciiseiy lnistratiiig, and this, ill coml)inatioll
vithi a strong desire 'to know', iC(l to tile P1ol)05il to undertake this thesis.
To examine (lie sediiiientaiy hiistoiy, eidencc for sea level change and the validity
of using the l)cvoy model in the iiiiier estualy, it was necessary to collect data from the
area and peiiocls in which most archaeology was undertaken, i.e. Holocene deposits in
central an(i cast Lon(lon. For reasons that seemed perfectly sensible at the time, it was
(lcci(lcd to accumulate samples whilst continuing to work as a professional enviroiimental
archaeologist for a commercial unit employed within the sphere of developer-funded
archaeology.
Iii order to make use of as full a dataset as possible, information from a range of
other sites in the study area preously examined through the archaeological process is
also drawii upon. A key driving force behind all archaeological research is to work
towards ever-increasing resolution. 'When analyzing and interpreting cultural change,
archaeologists wish to be able to (10 this at a level meaningful within human timescales,
ideally generational, in order [0 more fully understand how, for instance, environmental
change affected the lives of individual people. This requires extensive datasets simply
because archaeological assemblages are many times reduced from the actual life
assemblages (Orton 2000, Chapter 3) and extrapolating back into the past is consistendy
fraught with problems associated with complex taphonomic issues. Therefore, although
this research is in large part driven by eardi science methods, a large dataset was
considered important in order to achieve information rneamungful withrn an archaeological
context.
Geography and Chronology
The geographic area best able to address the aims and objectives stated above needed to
cover significant areas of archaeology and also to overlap with the Devoy study area. To
this end, the City of London is included with sites stretching downstream to the border
with modern Essex, thus including the western zone of 1)evoy's study area.
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Chronologically, this study iS solely concerned with the Holoceite, although
reference is occa.sioiially made to Pleistocene gnICIS. lJic chronologies consinicted for
this thesis havc been undertaketi almost entirely using the ra(hiocarbou method.
l)cndrochronology is always prcferal)le owing to the higher resolution that can be
achieved, but it was rarely j)OssiI)IC OWiiig to prol)leIns 0! ol)taiiiing absolute dates oti
prelustoric tiifll)CFS in the I A)iidoil region. As this research takes place at the boundary
between archaeology and iiliysictl geography, it was chosen to quote the Fadiocarl)on
measurements in both calibrated years Before Christ (BC) and radiocarl)On and calendar
years Before Present (BP) (Al) 1950). Although tins may occasionally appear clumsy it is
intended to niakc the data accessible to a greater range of people. Conventional
archaeological nomenclature of cliroiiologicai/culiural penods is also used, i.e.
Mesohithic, Bronze Age and Roman. Although there is some debate about the application
of cultural terminology to chronological periods (sce Cotton 2000 and Bradley 2001),
they arc used here for convenience. A chronological table is given below (T'ablc 1) for
clarity about how the l)eflo(1 (hiViSiOiiS relate to the ra(hiocarbon and calendar years.
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1.5 Structure
Volume I: Text
The text is (livl(lc(l into four sections, each outiiiiing a key aspect of the thesis. These arc
lurther subdivided into chapters, each focusing on a J)artiCular 1)art ol the dISCUSSIOII.
Section I provides the rationale l)ChiIl(l the study, along with l)aSic iiiforinatioii regarding
selection of sites, tCcllIIi(fIIeS and (levCloj)er luiicled archaeology. hits is followed by a
l)flef outline of sea level research and archaeology in London and the Thames estuary.
Section II contains the narrative for each of the sites selected to provide core data to
examine the aims and objectives articulated above. 'Wtthtii each chapter, the location,
previous infonnation on the area and reasons for inclusion are articulated, followed by a
summary (liscussion of the hitho- and biostraugraphic sequences for each site. Section III
presents the analysis and synthesis, looking at sea level change, SC(limeLltatlon and
patterns of archaeological activity. Section IV draws together ihe conclusions of the study
in conjunction with an evaluation of how well the original aims and objectives have been
answered. It highlights the new questions that have ansen dunng the project arid outlines
future issues requiring research and resolution. Volume I concludes with a list of
references cited.
Volume II: Appendices
The use of appendices has been designed to allow a more free-flowing interpretative text.
All raw data for the main sites descnl)ed in Section II, in conjunction with some basic
descriptive text, is contained within the appendices. This includes sedimentary and
biostraligraphical grouping within the individual sites. Diagrams and tables supporting the
raw data are also to be found in the appendices. A final appendix mcludes the data used
for the RSL calculations.
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1.6 Developer funded archaeology
Introduction
I)eveloper li1I1(IC(l archaeology is the (CITh giveit (0 archaeology un(Icrlakdn within a
commercial sphere, gcncrally iii aduice of conStruction and fuiidcd by the Prol)crty
(ICvcloI)cr or laIl(l owner (see Figure I). Tins fonii of archaeology is camed out by
prolessional uniLs and is rcgulaicd in England by local authority planning officers advised
by archaeological curators, generally county archaeologists and English Heritage officers.
flicrc is au artificial divide I)ctwCezl developer funded and 'research' archaeology; the
latter generally undertaken by university departments with the inherent (bUt often
misguided) understanding that research archaeology is of a higher quality. In fact, only
highly professional archaeologists are able to function to the stringent requirements of
financially astute developers and rigorous curators. This thesis is based on research
undertaken within the context of developer-funded archaeology.
The discipline in London
Professional archaeologists took over from the amateurs in the middle of the twentieth
centumy, after the Second World War. Professor W.F. Grimes pioneered what was
initially tenncd 'rescue' archaeology by taking the opportunity to investigate many bomb-
damaged sites in the City of London, prior to their redevelopment (Grimes 1968;
Shepherd 1998). Subsequently, archaeologists working for firstly the Guildhahl and then
the L.ondon Museum undertook excavations, mainly in the historic city, but also in other
locations prior to redevelopment Professional units were established in the early 1970's
to undertake all the work that could be identified (and paid for), but this tended to involve
a reactive approach to discovcnes and much archaeology was lost at this time.
Furthermore, although securing funds for excavation was not impossible, finding money
for publication was significantly harder. It was not until 1990 that improvements were
made by the iiiiroduction of government guidance, Plaiuiing Policy Guidance note 16
(PPG1 6, Department of the Environment 1990).
24
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Figure 1. Developer-funded excavation underneath Borough High Street, from
Drummond-Murray et al. (1998)
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Planning Policy Guidance Note 16
PPGI 6 is one of a series of govcrnincnt advisory notes governing planning, in this case,
archaeology and )Iuu1ing. It is used to regulate l)Uilding and dc'elopnient in
archacologically sensitive areas oldie country and is implemented by country
archaeologists and cUrators to advise )la11ning and development control otlicers to assign
appropnate 'conditions' to planning permission consetiLs. An archaeological condition
regulates how the site is developed and will make pro%sioIi for evaluation, excavation or
watching brief, to be J)aid for by die developer of the site, using 'the polluter pays'
l)nhiciple. In this way, the archaeological heritage of an area can be preserved 'by record',
i.e. the archaeology is removed but a record of what was found is maintained in an open
access archive. A further method of protection comes with a key thrust of PPG16; the
preservation of archaeological remains th sib. This states that where nationally significant
remains are discovered, there should be a presumption in favour of preservation in situ
wherever possible. This is in order to secure some of the finite archaeological resource
for archaeologists in the future who will have more refined and advanced techniques.
The use of PPG16 has opened up developer-fimded archaeology significantly
since it was published. Before this, the selection of sites for excavation tended to be based
on prior knowledge of the areas significance and did not invest heavily in evaluation of
sites in archaeologically unknown areas. This has now occurred with the consequence that
many new areas of the country have been investigated and proven to have a rich
archaeological heritage. One particular area that has benefited is the relatively deprived
area of northeast London, heavily featured within this thesis, the archaeology of which was
largely unknown before 1990.
Nevertheless, there are still significant problems with the system. As stated above,
within this process the developer pays for the archaeological project However, the project
will be firmly restricted to die footprint of the development and no more, i.e. if a new
basement will penetrate 1.5m below ground surface, archaeology will only be recorded
and removed to this depth even if archaeological horizons are present below this level.
Archaeological siraiigraphy in some parts of London can reach thicknesses in excess of
nine metres. The restriction to only excavate within the immediate area of impact is in the
26
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spint of luatitajuLlig as much archaeology in situ as possible. A further problem comes
with palacoccology; although (lie )alacotopographic and ecological context of an area is
cnicial to the understanding of human development, within PPG1 6, purely environmental
analyses can only bejusnited with difficulty.
The next major problem comes with suitable provision for publication. The
developer is obliged to pay for l)Ul)licaUon of thcir particular site if it merits it, but no
more. This leaves significant amounLs of information in the 'grey literature' of desktop
assessment, evaluation and assessment reports that do not see the light of (lay. Naturally,
the question of what does and does not merit publication is a highly contentious area.
However, the key issue is that developers are only required to l)UbliSI 'their' site. This
means that sites next to each other can rarely be integrated and published in a meaningful
manner. Moreover, it means that within developer-funded archaeology there is no
provision for synthetic work. This reduces archaeological endeavour to little more than a
conveyor system churning out reports of some value, but with scant ability to move
research on. In a very few cases, an enlightened developer will pay for additional work,
for instance, London Underground Limited funded a geomorphological project during
the extension of the jubilee Line (Sidell Ct al. 2000), but on the whole, synthesis cannot
occur and relies upon 'academic' and 'amateur' researchers who generally have little time
and less funding.
This thesis has been undertaken within this context. Since the early 1970s,
archaeologists in London have been interested in the Thames and how its development
has related to human occupation and settlement in the area. \Vork was undertaken on
individual sites (discussed below), but very little attempt at synthesis was made. Following
the publication of the Devoy model (see below) in 1979, archaeologists gradually began to
use aspects of it, and descriptions of stratigraphy encountered on sites would contain
references to 'Tilbury IV' for instance. Devoys paper has been cited as one of the three
mOst important papers relating to archaeology in London published in 1979 (Cowie and
Densem 2000). Nevertheless, the model has been criticized periodically since it was
published (Shennan 1987; Haggart 1995; Long 1995) and the (mis-) application of it to
archaeological sites has also been noted (Rackham 1994). Nevertheless, it 5 Only recently
that a new model has been suggested (Long et al. 2000), but this is a simple one,
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cxamiiling regional rather tliaii local trends. Neverthckss, it is crucial br archaeologists
working in the Thames estuary o have a detailed understanding ol the river dVIIaIBWS ill
order to lully understand how the human societies have developed within their landscape.
Therefore, this J)roJe't uses data collected From Ilie Ihaines 17.? (lCVeloj)er funded
archaeology to attempt to test the models of sea level change CUITCI)IIV available and, ii the
data 5111)1)011 it, to l)0P0 a more (lCtallCd model UIUI those of 1)evov (1979) and Long
CL al. (2000). Furthennore, it attempts to highlight that there miecd be no division between
the 'academic' and the 'professional' archaeologist, and that truly syiithetic research cait
arise through thc developer-funded process and hopefully he of benefIt to the wider
archaeological and earth science communities.
28
Section P
	
Chapter 2. Literature review
Chapter 2. Literature review
2.1 The history of sea level research
Relative sea level change has been studied since at least the i centuly cal BC in Europe,
and even before in China. Devoy reviewed the subject (Devoy 1987, 1-2), indicating that a
true scientific approach started with Leonardo da Vinci in the fifteenth century but really
first centred on Scandinavia. Researchers included Celsius, Linnaeus and Runeberg,
postulating theories such as humus production leading to decreasing ocean levels,
creationist theory and crustal shift. Devoy (1987, 3) identified Maclaren as one of the key
figures in the history of sea level analysis (Maclaren 1842) with his discussion of
land/water interaction relating to ice sheet growth/decay, followed by Jamieson (1865)
who identified the concept of uplift as glacial rebound. From then on, research was
mainly concerned with ice loading and crustal movement, rather! than glacial discharge. It
was sometime later that Daly (1934) redressed the balance, synthesizing the fundamental
concepts of land, ocean and ice-sheet interaction.
The emphasis subsequent to this period of endeavour focused on the correlation
of individual strands of research, either regionally, or increasingly at a global level. Devoy
(1987, 5) cites Godwin (1943) as an early exponent with his work identifying the
significance of inter-regional comparison and emphasizing palynology as a means to assist
comparison and strengthen correlation of chronology (before radiocarbon dating). The
quest for global correlation at this time is described by Devoy (1987, 6) as a kind of Holy
Grail and would appear to have been the driving question in sea level studies in the
1950's. The research led to several schools of thought (Jelgersma 1961):
+ Rapid thC to above current kvels th an oscillathig trend (Pacific and
A usinilasian school)
+ Curzrnt sea level achieved by 3600 BP and subsequently stable (American school)
• Current sea level achieved only veiy recently aflerqraduaJ but constant rise
(European schooD
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This debate on the very nature of RSL change then ushered in what could be
termed the modem era of study, including the inception of the International Global
Correlation Programme (IGCP) sea level projects (now known as the International
Geoscience Programme) and the subsequent diversification of research focus. It was
realized that many factors control sea level change and that a single curve cannot
accurately incorporate all these influences. This led a move away from the attempt to
create a global curve, the problems with which have been widely discussed (see Morner
1976; Tooley 1985; Shennan 1987) and termed a 'fruitless quest (Long and Roberts
1997). A re-evaluation of pnonties turned research towards a more intense focus on
smaller scale change.
2.2 Methods for establishing sea level change
Age/altitude graphs
Throughout the history of sea level studies, RSL curves have been ubiquitous,
traditionally using observed points where age and altitude have been identified and
confirmed (see Figure 2). They have varicd, from graphs based on one site, through
regional graphs to attempts at a global sea level curve. The graph below shows the trend
of Holocene sea level rise on the English east coasL
One of the major issues was the methodology used to construct individual curves.
Toolcy (1978a) stated the criteria required to construct a valid regional curve:
Data should come from a small homogeneous area to minimize factors that could
introduce error
. Index points should be based on mateñal from similar palaeoen vironments
Radiocarbon data should be capabk ofindependent corroboration (Le. bypolien
analysis and chrono-zonation)
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Figure 2. Regional age-altitude graph, from Shennan et al. (2000)
Tooley advocated use of these criteria to assess the validity of data used in the
construction of extant sea level curves. This was an important point and one that could be
used to satisfy the needs of data verification for previously published curves.
Subsequently, Tooley (1982) addressed the terminology associated with the construction
of age/altitude graphs with specific reference to the misapplication of regression and
transgression overlap. The trend of associating process with facies types was also
discussed and he concluded that the terms regressive and transgressive overlaps should be
associated with the retreat and advance of the sea, but not specific controlling processes
such as a fall or rise in sea level. Unfortunately, even with other papers addressing the
problems of misapplied terminology (Shennan 1986), this continues to be a problem.
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Index Points
Much of the discussion relating to methods of constructing curves has centred on the
construction of individual mdcx points, which are the building blocks of RSL analysis.
Toolcy (1979) dcfined sea level index points as a
'radiocarbon date on biogenic materIal either irnmcdia rely below or immediately above a
marine tmnsgrcssion.'
Although this does not stress the need for altitudinal control or the need for the
biogcnic material itself to reflect marine influence, it at least emphasizes the need for tight
chronological control at a change in facies type. Subsequently, Devoy (1982) identified
three selection criteria:
Direct access oldie sea to each site at the time when the dated/eve! used to
indicate a sea level position was being formed.
A wi/lability ofpalaeoenvironmentaliiidicators such as pollen, diatoms,
foiaminilera and mo//usc shell evidence to show the presence ofmarine or
brackish witer conditions at the dated level.
> Determination ofthe indicators reIationshi to a specific pa/a eotidai level.
This redressed the need for direct marine influence to be felt at the sampling
location (although 'direct' was never delmed) and also brought in the issue of specific tide
levels. It was Shennan (1982) who emphasized the problem of palaeotide levels,
expanding on the term 'indicative meaning' UM), previously used by van de Plassche
(1986, 9) and defined as the relationship of the local environment (in which it
accumulated) to a contemporaneous reference tide level.
Shennan (1982) highlighted this as being fundamental to establishing individual
index points. It was seen as necessary for valid comparison between the differing samples
used to construct index points and was generally given as a measuremenL Four points
were stressed:
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+ IMis dependent on the type ofstnitiraphic overlap.
+ Reference water levels for different sample types should not be related to the
same tide kvd (e.g. mean higb water ofspring tides (MI-IWSTJY, mean tide level
(MTh)) by using in dlvi dual constant factoic, (e.g. mean high tide (MHV +l8Onim
forPhragmites pea4 MI-i T+O.4m for [en wood) but should be expressed as a
function of the tidal curve.
+ indicative niuge can be reduced by dating the level at which pollen, diatom,
macrofossil and stratiqmphic evidence reveal a change in the depositional
environment
+ The accwacy ofthe reference tide levels must be assessed
These suggestions assisted in constructing index points and consequently sea level
curves. Toolcy (1982) advocated the presentation of flaed index points, divided into
those from transgressive and regressive overlaps on age/altitude graphs, something that
may be seen in the work of Devoy (1979). Nevertheless, (as became apparent with
Devoys model) it is possible that what may initially appear to be a regressive overlap may
prove to have formed under rising sea level, therefore the publication of marked points
may do more harm than good.
Shennan revisited index points in the publication of The Fenland Project (9)
(Shennan 1994; WaIler 1994a, 53) where he coded them according to location within
sedimentary facies (see Table 2). These have varying levels of usefulness as index points,
but are not ranked strictly numerically. Shennan advocated that age/altitude graphs
should be plotted using only index points of one code. Although this advanced the ability
to assess data quality, there are some practical difficnlhies, i.e. if a graph relies on data
from one site only, there may only be one base of basal peat point. Nevertheless, at a
regional scale there are many benefits in using this method of data classification, which
lends rigour to the results and presentation and may also be used to address issues of
sediment compaction. It is also closely tied to a system of indicative range calculation and
construction of the reference water levels required to produce index points (Shennan
1994). However, the system has not been widely used outside the University of Durham.
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1	 Good positive tendency of sea level movement. From a transgressive contact, or a
stratigraphic change indicating a positive sea level tendency. No indication of erosion.
2	 Poor positive tendency of sea level movement. From an apparent transgressive
contact but where either erosion is suspected or possible, or there is no supporting
biostratigraphic evidence from the site.
3	 Base of basal peat dated.
4	 Sample from within basal peat, but not from the base, or from the transgressive
contact (i.e. not 1, 2 or 3).
5	 Good negative tendency of sea level movement, from a regressive contact, or a
stratigraphic or biostratigraphic change indicating a negative sea level tendency. There
is no indication of a hiatus in sedimentation.
6	 Poor negative tendency of sea level movement. From an apparent regressive contact
but where either a hiatus is suspected or there is no supporting biostratigraphic
evidence from the site.
7	 Sample from any part of a sequence beyond the limit of marine sedimentation.
8	 Sample from an intercalated peat where no single tendency can be defined. It
represents a minimum age for a negative tendency followed by a positive tendency.
9	 Sample cannot be reliably related to a specific sea level tendency in terms of age,
altitude or indicative meaning.
Table 2. Codes and descriptions for tendency types, from Shennan (1994)
Long and Tooley (1995) subsequently re-examined the criteria for defining index
points. They identify the five principal attributes required:
•:• Location
•:• Age
' Altitude
Indicative meaning
Reference tide level
It could be argued that the reference tide level is simply an aspect of establishing
IM and need not be separated. They further defined IM for regressive and transgressive
events as c. 200mm (after Shennan 1982, 1986). However, there are inconsistencies as
Sherman also recommended a cumulative error of ± 300mm. Long and Tooley also
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make the assumption that overlaps form at MHWST but stress the importance of
reducing this to Mean Sea Level (MSL) m order to avoid the problems of spatial variation
in MHWST. Nevertheless, this is based on the assumption of constancy in tidal range
and therefore subject to problems. Furthermore, the overall effects of long-term sediment
compaction (discussed below) are of much greater significance than the relatively minor
calculations and errors invoked when constructing reference water levels (AJ.Long, pers
comm.). This approach has perhaps introduced an element of complacency into error
estimation - many graphs still include spreads of up to 4m; significantly more than
predicted by the error calculations.
Tendency
A development from the sole use of age-altitude graphs came with the development of
'tendency' graphs (Morrison 1976, and see Figure 3). Tendency is taken as representing
an increase or decrease in marine influence at that location (Shennan 1982; Long 1992)
and has been used to identify local and also regional trends in RSL change. This dual
approach of using age/altitude graphs in association with analysis of the trend of marine
influence has been examined by Shennan (1980, 1986, 1987) and Long (1991, 1992).
Tendency was also discussed by Plater and Shennan (1992), who stressed the importance
of local factors (i.e. coastal morphology and local sedimentation rates) in attempting to
model sea level change whilst identifying the possibility of identifying local and regional
trends by isolating the dominant tendency at given locations. Tendency analysis relies
upon clearly defined regressive and transgressive contacts, which are the focal point for
data collection. It is a simple and underused mechanism for examining local trends in sea
level movement. More recently, it has been undertaken in the Humber (Kirby 1999) and
at Golddliff in the Severn estuary (Bell 2000, 327).
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Figure 3. Tendency graph, from Long (1991)
Error
The calculation of sea level index points, and thereby RSL change, is subject to a number
of difficulties and errors that can obscure the 'real' picture. This has often been
mentioned, but generally only as a veiy brief introduction to wider discussions of data or
synthetic research. Shennan (1986a) developed previous discussions (Shennan 1982) of
the use of age/altitude graphs, but rejected their use as too simplistic an approach,
suggesting that analysis should be taken to the stage of offering a three-dimensional
process model; a method that has not, perhaps unsurprisingly, been widely adopted.
Criteria to avoid 'misleadingly precise' curves were indicated with five major problems
isolated:
+ The ability to adequately record altitude.
4 Esthnation ofthe on'inaJ altitude ofcontacts.
4 Establishiig the indicative mearthig.
4 Adequately dating the sample.
4 Equating iitholo,qical chan th sea kvel change.
36
Section I	 Chapter 2. Literature review
This last point is one that had also been emphasized by Tooley (1982), who
criticized the practice of directly associating process with specific sedimentary units.
Shennan (1982) outlined the errors that become incorporated into age/altitude graphs
and advocated a generic altitudinal error margin of ± O.3m. This was introduced into
calculations made for the Fenland study discussed in this paper, and it was stressed that
such calculation of error should also be applied when making regional comparisons. This
does not seem to have been widely undertaken.
Heyworth and Kidson (1982) studied the key problem areas in sea level analysis;
in fact, ten specific areas were outlined (see Table 3). Some (i.e. leveling problems)
discuss points reiterated elsewhere in the volume (Proceedings olthe Geologists
Association Special Issue, 1982), however, this is one of the more detailed published
papers documenting the issues. It also includes discussion of the, fundamental assumption
made elsewhere (i.e. Shenrian 1982) that there has been no variation in tidal range
through the geological record. Although it is considered that this assumption needs to be
made in order to undertake RSL calculation, it is patently obvious from historical and
archaeological records that it is not valid.
A	 Leveling
B	 Identification of horizon to be leveled
C	 Relation of water-table to sea level
D	 Relation of present tidal levels at the site to those at the nearest Tide Table port
E	 Variation of tidal range over time
F	 Exceptional tides, storm surges, etc.
G	 Consolidation of sediments as a result of gravitational compaction
H	 Changes in the relationship between a sea level indicator and tidal levels
Sedimentation rates; relation to rates of sea level rise
J	 Radiocarbon dating errors
Table 3. Errors involved when calculating sea level, from Heyworth and Kidson
(1982)
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The issue of palaeotidal modelling is one that has received attention for some
time. Jardine (1975) underlined the importance with the explicit recommendation that
former tide levels be reconstructed. Nevertheless, some early workers disregarded this,
for instance:
Cft is assumed also that the tidal iange has remained more or less constant along
the Lancashire coast duringthe Flandrian stige"(Tooley 1978a, 23)
The work of van der Molen (1997) in Cape Cod identified a number of issues
associated with tidal fluctuation in a modern salt marsh setting. He recorded significant
distortions of tidal range within the Great Marshes system, particularly within long narrow
tidal creeks, showing variation of up to O.55m between MHW marks across the system
(lOx4km). This variation is caused in part by the geometry of the marsh system in
combination with factors such as vegetation slowing overland flow. The applications of
this work to palaeo sea-level modelling is clear, if variations of tidal range can occur within
modem, relatively small systems on the basis of internal geometry, then the chances of
significant change in tidal range occurring in dynamic systems over time, are high. Van
der Molen suggests that sea level researchers should confme themselves to small salt
marsh environments, preferably with 'direct and wide access to the sea' and that if large
salt marsh systems are modeled then corrections must be made for tidal distortion
More recently, tidal range has been tackled by Shennan et al. (2000a, 2000b) in
the LOIS project, where they found that tidal range has increased since the Early
Holocene, but with only limited change over the last 6000 years. These data were used to
recalibrate previously calculated sea level index points, increasing the differences between
prediction and observation, underlining the need for further work in this area.
Compaction is perhaps the single largest source of error involved in conventional
sea level analysis. Nevertheless, it is rarely discussed in detail within papers examining
RSL change. Heyworth and Kidson (1982) discuss autocompaction and the desirability of
applying correction factors where possible, citing reductions of a half in the thickness of
woody peats and 90% with Sphagnum peats. The evidence for these values is not cited,
however, the importance of compaction is not in dispute here. The likelihood is that sea
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level index points are consistently being calculated too low because of compaction, yet few
researchers seem to apply correction factors, probably through lack of conviction that
they work (Ian Shennan, pers comm.). Haslett et al. (1998) are amongst a very few that
have attempted to model compaction on the basis of altitudinal differentials. Tooley had
examined compaction earlier (1978b), and also indicated that it was possible to calculate
settlement under a known load, citing the earlier work ofJelgersma (1961) and
MacFarlane (1965). Although Tooley discusses the problems in detail, he ends by stating
that it would be impossible to calculate and correct for compaction in coastal areas
showing vaiying degrees of consolidation. His subsequent statement that the importance
of this issue is paramount is therefore a little weak. The problems of compaction were
further addressed in 1986 (Grecnsmith and Tucker 1986), but little was added to the
discussion other than to reiterate the significance of the problem and to state that
researchers should exercise great caution. The other issues listed .below (Table 3) and in
other works (for instance Tooley 1978a; Shennan 1986) do not have such an impact on
calculation of RSL some indeed have become less of an issue, such as leveling, owing to
improved technology, such as differential global positioning systems (GPS).
More recently, Allen (1999, 2000) has readdressed autocompaction, looking
specifically at coastal and marsh situations and emphasizing problems with interdigitating
'sediment couplets' of peat and silt in mid Holocene sequences. He also calculates the
effect that autocompaction can have on deposition rates and conversely, the effect land
reclamation can have upon compaction. He dismisses previously used soil mechanics
models (i.e. Paul 1998 and see Smith 1985) created to decompact sequences as 'hihly
ideaiied' Allen examines the use of numerical simulations to gauge the effects of
autocompaction and identifies several key factors with reference to RSL studies; namely
that calculated rates of RSL rise are greatly affected by autocompaction, as are rates of
sediment deposition. His final conclusion (Allen 1999) states that:
'A utocompaction a/Teds the meaning of con venbonal sea level index points to a
degree that can no lonr be ignored.'
Nevertheless, Allen does not suest any practical methods of decompacting
sequences and this issue is still largely undiscussed, with the exception of examples such
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as Wailer etal. (1988, 1999) who compared dating and events in the pollen sequence
across a number of cores in the Brede Valley, Romney Marsh and estimated compaction
values above thick peats. They attributed values of between 46 and 75% and indicated
that these were miithnums. These are, therefore, reasonably comparable with the figures
of 50% suggested by Devoy for compaction of peat at Tilbury (1982).
The work of Gehrels Ct al. (1996) on the coast of Maine, applied a standard
compaction error of 50-lOOnim in the creation of index points, however, there is an
admission that the error factors used, were in many cases, best guesses. Earlier work in
the area (Gehrels and Belknap 1993) had circumvented the issue simply by priontizing
basal peats over incompressible substrate. This may indeed be the best answer to the
problem, however, in areas of deep sequences, it is a method likely to lead to relatively
short phases of the entire systems history being examined.
Summary
This chapter provides an overview of how the methods used to undertake the analysis of
sea level change have evolved. This travels from the initial quest for global resolution
through the rubicon of impossibility to more achievable targets of small scale local to
regional detailed analysis. Although suggestions for change have been made, i.e. 3-D
graphs and tendency diagrams, it is noticeable that the present mechanism is still
primarily to produce age-altitude graphs and some sea level cmves. This has been the
prevalent form since at least the 1970's, and has changed little, with the exception of
dividing the graphs between the different types of index point.
Also noticeable is the thinness of research into how to resolve some of the key
problems with the method, such as compaction and the assumption of a constant tidal
range. These are both crucial and yet there have been few attempts to provide concrete
mechanisms of resolving them. The basic and most reliable method is to establish exactly
where the tidal levels were. Tidal range is an area where archaeologists and historians
have been active (see Chapter 11), because knowing where the dry land ended is vital to
an understanding of human settlement. Yet sea level analysts, although often collaborating
in research with archaeologists, do not appear to have used the (albeit limited) data
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obtained from excavations or historical tide gauge records. In the absence of such data, it
is relatively difficult to calculate past levels, but is possible, as shown by the work of
Shennan et al. (2000a). Without this type of research, sea level index points can be
miscalculated by the order of several metres.
With reference to factoring in altitudinal corrections for estimated compaction,
this should be possible based on known densities of different sediment types and the
density of the recovered material. Compaction and consolidation are some of the largest
issues associated with sea level calculation but has not yet been conclusively resolved. The
combined problems of tidal range and compression must seriously affect the altitudes
presented on age-altitude graphs by lowering the altitude of index points by several
metres. Yet much energy has been spent on refining calculations of reference water levels,
with errors, which are in millimetres. These two issues are obvious priorities for future
research.
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2.3 Sea level research in the Thames estuary
Introduction
This section is intended as a review of the literature concerning RSL change within the
Thames estuary. It is considered beyond the scope of this section to examine research
undertaken in the entire British coastal zone or other estuaries although comparison will
be made between the results of this study and other published research in Section III.
Following the introductory section, the major models of sea level driven sedimentation in
the Thames estuary are outlined and examined. This section is concluded with a review
of research undertaken specifically by archaeologists on the subject of relative river levels
in central London, using archaeological methodologies associated with structures and
stratigraphic evidence.
Thames Estuary Research
The Thames estuary has long been a focus for study of river dynamics (e.g. Spurrell 1885;
1889; Whittaker 1889), particularly in the outer estuary, (from Tilbury downstream).
These describe the sequences encountered in various exposures, such as the excavation
of several docks, including those at Tilbury (1 on Figure 4), with diagrammatic section
drawings (Whittaker drew three peat horizons at Tilbury, reproduced by Spurrell in
1889). As well as providing the earliest reasonably scientific information on Thames
sedimentation, these papers provide an important record of the excavation of the London
docks, including highly evocative descriptions of buried forests, fauna! remains and
artefacts.
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fl(:	 IT11T	 ITiflT
Tilbury	 6350	 7570
2	 Charing Cross	 3025	 8050
3	 Medway Valley	 7500	 6800
4	 Isle of Grain
	 8000	 7500
5	 Crossness	 4775	 8150
6	 Dartford	 5450	 7440
7	 Broadness	 5700	 7580
8	 Bermondsey	 3450	 7940
9	 Southwark	 3250	 7950
10	 Thomey Island	 3022	 7962
11	 Silvertown	 4050	 8035
12	 Blackwall Dock	 3825	 8025
13	 Custom House	 4130	 8110
14	 Lambeth	 3125	 7900
15	 Courage Brewery	 3241	 8020
	
16 Borough High Street 3255	 7995
17	 Trig Lane	 3301	 8069
18	 Pudding Lane	 3294	 8072
19	 Queenhithe	 3230	 8079
20	 Regis House
	
3288	 8072
21	 London Bridge	 3280	 8030
Table 4. Sites shown on Figure 4
One of the earliest papers presenting a sequence of sedimentation (King and
Oaklcy 1936) concentrates mainly on the Pleistocene succession. In addition, Mesolithic
peat and alluvial sediments associated with a 'Tilbury' stage are described as well as a pre-
'Tilbury phase' of erosion linked with post-Glacial rebound and correlated with the
Ancylus Lake phase of the Baltic chronology. This description uses the sequence at
Tilbury Docks recorded originally by Whittaker (1889, 468), quoted in Spurrell (1889). It
is not, therefore, a new dataset. Furthermore, this pre-Tilbury phase is attributed to
deposits as far apart as Charing Cross (2 on Figure 4), and the Medway Valley (3 on
Figure 4). Also there is no real attempt to characterize the processes leading to the
formation of this sequence, which Spurrell did attempt nearly fifty years before.
Nevertheless, this is the first publication to identify Tilbury as the type-site for Holocene
sedimentation in the Lower Thames.
Research continued on the outer estuary with a paper by D'Olier (1972)
examining subsidence and sea level variation. Using a combination of offshore seismic
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data and Jelgersma's (1961) sea level curve for the Norih Sea basin, D'Olier mapped the
shoreline of the outer estuary on the basis of calculated sea level and seismic data for
several dates in the Early Holocene, tracking the progression of the sea into the modem
geographical area of the estuary. He then tracked sea level rise/crustal subsidence by
measuring the amount of sediment that has entered the estuary since it was first flooded c.
9000 years ago by tidal waters. He estimated that the measure of sea level rise/subsidence
was 127mm per century for 9000 years in that sedimentation rates arid RSL remain in
equilibrium. This approach is subject to problems, particularly associated with the
difficulty in accurately calculaling the amount of sediment currently contained within the
estuary and measuring the actual (average) area of the Thames estuary when it has almost
certainly been substantially remodeled over the period in question.
When the figures are extrapolated, this allows for a rise in R.SL of just over eleven
metres since 9000 BP (approximately), which, when compared with more recent work
seems to be an under-estimate. For example, Devoy (1979) indicates a rise of 20m during
the Holocene. Akeroyd (1972) indicates that river levels have increased 1 im since the
Neolithic, although she states that work in the region has been subject 'more to
speculation than hard reason Her figures are based on archaeological findings (Roman
structures) and sporadic palaeoecological research, which leads her to the conclusion that
the tidal head in the Roman period may have lain downstream of Crossness (5 on Figure
4). She also suggests, based on the work of Lambert (1920) that there has been a 2m rise
in high water since the Roman period, but also cites evidence from Brentford (a hut on
the foreshore, recorded by Wheeler in 1929) to show a 4.5m increase since the Iron
Age/Roman period. These statements are problematic and further confused by no
reference to which part of the Roman period she is referring to. Another problem is that
she seems to use land subsidence and river/sea level rise interchangeably when referring
to changes in altitude without distinguishing between the two. Nevertheless, it has since
become apparent that there are striking changes in river level within the Roman period
(Brigham 1990, Watson and Brigham 2001, 26), so it is possible that many of Akeroyd's
contentions could be reconciled depending on the absolute date of the structures she
cites.
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The next major work also focused on the outer estuary (Greensmith and Tucker
1973), and indicated a cyclical sequence of transgressions and regressions, defined as
retreats and advances of both salt marsh and marine conditions. Emphasis was placed on
the probable complexity of the controlling factors, summarized as regional subsidence
combined with climatic and sedimentological factors. However, sea level fluctuation was
put forward as one of the more significant elements controlling sedimentation. A modcl
constructed of five regressive and six transgressive episodes was proposed (see Table 5),
including the present and initial Flandrian transgressions, the latter thought to have
commenced at approximately 8900 BP (the date the rising waters are thought to have
impacted upon the outer estuary, based o n Jelgersma (1961) and D'Olier (1972).
Table 5. Greensmith and Tucker's 1973 model of Thames transgressive events
The model was constructed on the basis of [acies properties (organic versus
inorganic) combined with analysis of faunal material. The use of marine molluscs formed
a substantial part of the sedimentary modelling, using the stratigraphy of marine molluscs
to indicate transgressive events. The earliest phases of the model are dated through
radiocarbon with archaeological data used for the later period. A regression is indicated
for the Roman period, with a subsequent transgression in the Saxon period, something
that has since been observed elsewhere (Sidell 2001; Watson and Brigham 2001). The
oscillating nature of river levels was identified and emphasized; considered a product of
fluctuations in RSL and additional coastal uplift and/or accretion. Although the difficulty
in establishing exact causes is emphasized, eustatic sea level change is suggested as the
prime control with reference to sedimentation in the outer estuary. Furthermore, the
presence of "overconsolidated layers" is interpreted as reflecting a drop in RSL, indicating
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significant changes in processes within the estuary. r1l1ere are some problems with this
paper, most notably in the use of marine mollusc horizons to indicate transgressive events
since these could be deposited on salt marshes by mechanisms other than actual sea level
rise, such as storm surges or erosion from channels or creeks nearby. Also, the cheniers
where these deposits are found do not necessarily undergo the same sedimentation
processes that are found on the estuary sides, and so it is dangerous to extrapolate
sequences from the cheniers to an estuary-wide model. The argument for a drop in RSL
is also weak. They subsequently re-visited the subject (Greensmith and Tucker 1976),
giving much more detail on the sedimcntology and mineralogy of the sequences. The
chronological model remains, but in addition this second paper produces maps outlining
the suggested movement of the coast and sea around the outer estuary.
The 'Devoy model'
The most important study completed on Thames RSL is that of Devoy (1977a,b, 1979),
who worked on sites stretching from the Isle of Grain (4 on Figure 4), to Crossness (see
Figure 5). A sequence was constructed using fades-based modelling and ecological
reconstruction. The 'Tilbury' model has since been widely regarded as the seminal work
for the Lower Thames (Haggart 199.5).
1. Woolwich East	 2. Church Manor Way 3.Crossness 4.Norman Road
5.Longreach	 6.Harnsons Wharf	 7.Littlebrook 8.New Dartford Tunnel
9.Stone Marsh	 1O.West Thurrock 	 11.Broadness Marsh 12.Tilbury, Worlds End
Figure 5. Devoy's study area, from Haggart (1995)
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Interdigitating peat and cstuarinc clay-silts were identified throughout the study area,
classified as 'Tilbury' (organic) and 'Thames' (mincrogenic) fades (see Figure 6). The
Thames deposits were considered to be equivalent to periods of RSL rise arid the Tilbury
sediments to drops or decreases in the rate of sea Level rise. The model commences with
the initial rapid rise in RSL following the input of mcltwaters at the end of the Devensian.
This saw an increase in RSL of over 15m between c. 11500 cal BP and c 6850 cal BP,
which is paralleled elsewhere in south eastern England (Long and Tooley 1995).
Stone Marsh	 West Thurrock	 Broadness Massii	 lilbury Docks	 Tilbury. Wodd End
Figure 6. Stratigraphy used in the 'Devoy model' from Haggart (1995)
Devoy constructed two age/altitude curves of RSL movement (see Figure 7): one
for Tilbury (mid estuary) arid one using data from Crossness, Dartford (6 on Figure 4),
and Broadness (7 on Figure 4). These indicate that RSL has oscillated through time
against a background trend of generally rising sea level. Initially, at the beginning of the
Ilolocene, this rise is thought to be rapid, and compares with data from adjacent
geographical areas, such as the Netherlands (Jelgersma 1961) and Northern Britain
(Tooley 1976). A drop followed this for c. 300 years to -hOrn OD, rising again to -5m OD
over the period 6600-5500 radiocarbon years BP. This was succeeded by a period of
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rise l)etWcCn 4000-3500 ra(liocarbon years BP to between -1.Sin and -2.5 01), t011o%VC(l
by a minor regression, Tilbury IV, which was regar(lcd as asynchronous an(l variable in
alEJtU(IC (where present). There was a transgression recorded at Tilbury to 0.4 OD, taking
place at c. 1750 radiocarbon years BP, followed by a further regression, Tilbury V, also
only recorded at Tilbury (see Table 6). The current transgression, Thames VI was
thought to indicate rapid rise in MI-I WST, possibly as a result of (antliropogenic)
iniluence within the estuaiy.
O.D.
	 Crossness
0
o -10
a
-- O,tod level contact
7L Transgresaon contact
. Regrension contact
Expected trend of regrexaion pheut
-20
10.000	 9000	 8000	 7000
I	 I	 -	 I	 I	 I
6000	 5000	 4000	 3000	 2000	 1000	 0 C" years B.P.
Relative sea-level curves for the inner Thames estuary. Curve 1 is from Tilbury. Curve 2is from Crossness, Stone
Marsh, Dartford Tunnel and Broadness Marsh. Points 1-8 are from The Worlds End borehole (point 8 is a 'pollen
date'). Points 9-13 are from Stone Marsh. Points 14-16 are from Broadness Marsh. Points 17 and 18 are from
Crossness. Point 19 is from the Dartford Tunnel. The Isle of Grain date is represented by G.
Figure 7. Sea level curves, from Devoy (1979, figure 29)
The biostratigraphy of the Devoy model was constructed using pollen and limited
diatom evidence (diatoms from Tilbury only). In summary, the peat sequences are
recorded as spatially variable; both wood and monocot peats, with the downstream sites
tending to be composed of sakmarsh and Phragrnites peats. This is not the case from
Broadness upstream where there is a development within the peats starting with wood
fen, through Phngmitcs to saltmarsh peals. Nevertheless, clear correlation was made
between these peals.
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Although the two curves demonstrate similar trenris at similar times, there is a
marked d illcrcncc in altiEu(lc, which is attfll)UtC(l to differential downwarping l)ctwccn
Crossness and Tilbury, variation in tidal amplitude and sediment discharge from
upstream. Subsequently, I)cvoy (1980) corrclatcd the model with the earlier model
proposed by Grccnsmith and Tucker (1973). Emphasis was Placed on lateral variation of
the sequence, which shows basal peaLs forming within the inner/mid estuary, whilst
further out, mincrogenic deposits accumulated first on the gravel surfaces. Tidal waters
are indicated as having reached at least Tilbury by c. 7700 radiocarbon years BP. The age
model was subsequently modified (Devoy 1982), and the following sequence proposed:
Table 6. Chronology and altitude of the Thames units (Devoy 1979, 1980)
The Devoy model was discussed by Shennan (1987), highlighting the issues of in-
estuary differential between the two curves and the examination of crustal residuals. He
suests that consolidation in the study area is not likely to be a significant factor causing
the difference between Devoy's curves and the regional eustatic sea-level curve. Tidal
changes and decreased subsidence are identified as at least partly responsible, but are not
put forward as conclusive explanation of the problems with the Tilbury curves.
Long (1991) identified a number of problems associated with the model. One of
these was identified as the large altitudinal range of each deposit, causing problems with
correlation across the study area (Long 1991, 42), compounded with spatial variation in
the type of peat identified as the main Tilbury units, i.e. wood peat upstream to
Phzrzgzzthes at Tilbury/Broadness. Although Long specifies Devoy's possible causes for
these changes, Long identifies the problems of commercial logs as a possible contributory
factor (1991, 43). He further discusses some problems with the interpretation of the
sedimentary sequences, with reference to inwashing over the sites and the difficulties of
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establishing indicative meaning in such cases. Thcrc are also issues with the chronology;
Long quotes a fundamental sentence from Dcvoy (1977b, 150):
The iidiocaibon daLing oftransgression and regression coiilacts oldie biogenic
levels can be confusing.
Long notes that Devoy stated that some of this confusion could relate to errors iii
the field or that the dates themselves might be 'wrong'. It is notable that the dating of the
Devoy model remains incomplete.
Haggart (1995) subsequently identified several problems with the model. Scrutiny
of the timing of events with relation to the stratigraphy indicates that the regressive
contacts occur chronologically within periods of RSL rise. The implication (supported by
the biostratigraphy) is that some periods of organic sedimentation (particularly Tilbumy
III) occurred under conditions of rising RSL The earlier suggestions of differential
crustal movement (Devoy 1979) are questioned following reappraisal of several index
points, which could represent rising RSL. Additionally, index point five is identified as
altitudinally unreliable on the grounds of compactiOn and erosion. Haggart suggested that
the discrepancy between the two curves constructed by Devoy would be eradicated if
correction is made to the height of this point (an increase of 3m), and the other points
mentioned were treated as indicating a positive rather than negative tendency. Although
there are data supporting the suggestion that some of the organic sedimentation does
occur during phase of RSL rise, the suggestion that a correction of 3m could 'fix' the
problems appears unsound as it seems unlikely that a three metre difference in factors
such as levelling errors/compaction would only occur in one location. It is also perhaps
relevant to note that when the Tilbumy site was cored in 2000 (Sidell and Long 2000), the
upper contact of the upper peat, thought to be Tilbury IV, showed no sign of erosion (see
Figure 8).
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Presumed Tilbury Ill
	
7m below ground surface
Presumed Tilbury IV
3m below ground surface
Figure 8. Contact of upper organic deposit to overlying mineral sediment,
recorded at Tilbury as part of an IGCP project 437 field trip, December 2000
(Sidell and Long 2000). Each core is Im long
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lIic issue of crustal inoVcmciit winch Dcvoy cited as a possible cause for variation
within the study area was taken UI) by Long (1 995), who indicated the division evident
I)etwedn mO(lelS proposed in support o1 (for inst.uicc, 1)cvoy 1979) and against
dilTcrciitiai crustal movement (l3rklgland 1988). This latter paper considers longer
chronologies that iilclU(1C Pleistocene deposits and notes no significant divergence of
Pleistocene river tcnaccs in the niiddle and lower estuary which might be expected where
long tern differential crusial movements arc evident. Evidence of sea level and crustal
change from the Thames, Essex and east Kent was examined, based on sea level index
points calculated from these areas. Downwarping, as suested by Devoy as a possible
explanation for altitudinal inconsistency, was rejected on the grounds that the older points
should therefore plot lower iii the Ini(ldlC than the iimer estuary, which is not the case.
Some crustal movement in the middle estuary between 6-4000 radiocarbon years BP was
thought possible. A further suestion from the Devoy model is that differential sediment
compaction lead to the observed discrepancies. This is also discounted as some
consistency along the transect might be expected. Nevertheless, all sites upstream of
Tilbury differ significantly from the model based on the sequence at Tilbury, and there
are no detailed records of sites in the downstream f caches, so it is not possible to exactly
state what is the root cause of the problem, but it is obvious that there is a fundamental
problem at Tilbury itself.
Post-Devoy models
River level change, with reference to topographic development in the central London
floodplain was addressed by Nunn (1983), who, whilst discussing northward migration of
the main channel, constructed a five-stage sequence of river development. This was, with
some unorigiimality, named Thames I-V (see Table 7) and discussed the changing location
of the main channel and tributaries in detail, concluding that sea level change was a major
factor leading to local channel migration. His model is directly linked with Devoy's
Tilbury stages, and correlated with RSL rise, giving specific altitudes for MSL associated
with the tuning of the Thames (after Nunii) and Tilbury (after Devoy 1979) stages.
However, this work is largely based on historical sources and published data with no new
gcomorphological infonnation. Historical data is always open to doubt, as information
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has potentially been badly recorded initially an(l then l)0OIlY tFaflSCrIbC(1/pUbliShC(l.
Furthermore, early maps arc unlikely to have been strictly accurate. Therefore, Nunn's
work is not considered to acid signilicantly to the body of (lata oii the Thames but did
establish an unfortunate l)recCdCllt for direct correlation to Tilbury.
Table 7. Thames l-V, after Nunn (1983)
The forcshore of the outer estuary was examined in detail through the Hulibridge
Survey (\Vilkinson and Murphy 1995), most of which was concerned with the Essex
coast., but penetrating to the edge of London (see Figure 9). The use of only the foreshore
constrained sea level analysis, which was therefore based on the data from Devoy (1982)
to which new point data were added (Wilkinson and Murphy 1995, 214, figure 129),
subsequently incorporated by Long in his 1995 curve. Generally the new data plot
akitudmally above the Devoy points, but the Hullbridge sites are plotted as
straightforward OD heights rather than being reduced to MSL, and therefore it is
unsurprising that there is an altitudinal differential. Furthermore, it was noted that there
was vanation within the sequences of the Thames, Roach, Crouch and Blackwater
estuaries. The analysis of the dated sites is thought to lend credence to Devoys modef
simply on the basis of the archaeological changes. This seems optimistic and the data do
not appear to have been examined rigorously enough to extrapolate to a detailed model
of sea level change.
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Figure 9. Hullbridge survey study area, from Wilkinson and Murphy (1995)
Woodbridge (1998) examined a sequence from Bermondsey (8 on Figure 4),
central London, making a further comparison with the Devoy model. He acknowledged
the issues involved in doing this, but nevertheless directly correlated the sedimentary units
present at Bermondsey with the Tilbuty sequence. Diatom analysis was undertaken and
one radiocarbon date was obtained. The conclusions of the work were that much of the
sequence could be closely correlated with Tilbury, but that tidal waters were present
upstream of Bermondsey in the Late Mesolithic (5400±100 BP; 4450-3980 cal BC - no
laboratory code published) with river levels (no specific level identified) at an altitude of -
3.49m OD. Woodbndge does indicate that such a result was unexpected and in contrast
with other published information such as (Mime et al. 1983; Sidell et al. 1995), but states
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the possibility that it is correct Nevertheless, the scenario is unlikely in the face of the
evidence gained from Southwark (9 on Figure 4), which suest that tidal waters only
migrated through the area in the Middle Bronze Age (Sidell et al. 2000). Other work,
(Long 1995) does not compare well with Woodridge's work and suest that his data are
anomalous and may have been caused by rare tidal surges or even contaminated samples
resulting from sampling on the foreshore. Nevertheless, the altitude is a raw measurement
and has not been reduced to MSL and may be more comparable with the various sea
level graphs than initially appears in his paper.
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Figure 10. The Jubilee Line Extension, along thick arrowed line
The recent work on the Jubilee Line Extension in central London (Sidell Ct al.
2000) (see Figure 10) has added some new data (Figure 11). The project was undertaken
within the sphere of developer-funded archaeology and was therefore subject to the usual
constraints of limited time and funding. Nevertheless, sufficient sites were examined to
gain an impression of changes over a 15km stretch of the river and several thousand
years. A three stage model of riverine development was proposed, examining the changes
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from thc braided Late Dcvcnsiai't river, through a mcandcriiig siiiglc-cliauncl lrcsliwatcr
river of the Early-Middle Holoccuc, (lepositing sands and forming the well-known cyoLs,
such as Thorucy Island (Wilkinson ci al. 2000, 10 on Figure 4). The final stagc is the tidal
tiver, which rcachc(l central LOI1(lOi1 by at least 1200 cal BC (c. 3200 cal BP). Ilic )roject
created lour valid sea levcl index points. These are Iroin nitercalated scquel1ces; iioiiC arc
from 'basal' peaLs and therefore cannot be viewed as of the highest quality, nevertheless,
they Ia]! witlijit the upper range of the dates generated l)y I)evoy (1979), Long (1995) and
(Wilkinson ci al. 2000, sec Figure 9). The points arc more closely comparable with those
from 1)evoy's inner rather than mid estuaryfi'ilbury curve. On the whole they 1)101 slightly
lower, altudinalIy, than those from Silvcrtown (Wilkinson ct al. 2000, 11 on Figure 4),
which is further downstream. Although ihis appears aiiomalous, it may I)e a factor of
indivi(lUal errors (i.e. results of compaction and radiocarbon error) associated with each
l)OiIiL What these prOjeCts have shown is a strengthened ease for. assUming there is a
Problem at Tilbuiy itself, where the both the stratigraphy and age/altitude data points
diverge from the general trend consistently represented from all other sites. It certainly
casts doubt on the appropriateness of using Tilbury as a type-site for a larger geographical
area than the outer estuary or even a type-site at all.
The most recent model proposed for the Thames estuary (Long et al. 2000; Long
2001) indicates that Holocene sedimentation can be placed within a three-stage sequence
constructed on the basis of estuarinc development (see Figure 12). The model opens with
the Early Holocene rapid rise in RSL, followed by estuary contraction between roughly
6850 cal BP and 3200 cal BP. This is shown by a seaward and upward expansion of semi-
terrestrial marsh deposits along the river margins and in the tributary valleys. This
contraction is attributed to a drop in the rate of RSL rise leading to peat accreting slightly
above the rising tidal waters. The fiuial stage of the model is an increase in the rate of sea
level rise, continuing to the 1)rCsCuit day, presenting itself as a series of estuarine clays that
submerged the earlier marshes as the estuary expanded once more.
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ihe tflO(ICI is dclibcratcly simplistic and is baSCd on the Thames, the Severn and
Southampton Water. Although these do all vary in nature and scale, by concentrating on
the broader scale, a workable model has bCCII produced, vlucli ccrtaiiilv for the Tlianies
is sulhciently accurate to base more (letailed (liScuSSionS on. Yet it throws up Ihudamental
questions such as what caused the mid-Holocene expansion of tile wetlands/reduction in
the rate of sea level rise and what subsequeuUy rcvcrsc(1 this trend. I Jntil these questions
are answered, it will not be possible to hilly explain the processes auiecting RSL change in
thc Holocenc Thames.
Summary
This section has attempted to draw together the current published information on the
changing levels in the Holocene Thames undertaken within the eological sphere. Some
of the discussion will be expanded upon later in this thesis, but this stands as a guide to
current thought. As has bceti shown, there are problems with the models that exist for
both the sedimentary and sea level history of the thames, but these issues are also to be
found in other areas where models are few and research has not been exhaustive.
The work of Devoy remains today as the key piece of research for the estuary and
one that is still used by both archaeologists and geomorphologists. Its drawbacks have
been examined in some of the current literature on the Thames, included in the two
recent Eieldguides (Haggart 1995; Long 2000), but even with some problems, it remains
the most comprehensive study n the subject. Nevertheless, the type-site is obviously
anomalous, leaving the model poorly founded and only of limited application. The
stratigraphy here is simply not seen in the inner estuary, where most sites exhibit only one
peat horizon. Furthermore, the dating across the study area is inconsistent., and poorly
resolved after the formation of Tilbury 111. ihis reliance on the Devoy model is
understandable because the work has not been revisited or replaced since the early
1980's. Small local studies have taken place, but with little attempt to model RSL, either
through shortage of data, or, Ofl the part of archaeologists, a concentration upon more
anthropogenic issues. Nevertheless, the work of the archaeologists is a useful contribution
and is outlined below and discussed further in Section III.
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2.4 Sea level change and archaeology in London
'The ihaines has influenced the central I 'ondon region ever since it was drvcrted from its
more northern course dunng tire Anglian glaciation. Sites such as Boxgrovc in Sussex
(Roberts et at. 1997) have shown that !)C0PIC wcrc j)rCSClit in Britain iii 1)rc-AIlglii1 stagcs
but it is riot until die Holocciic diaL i/i-sill antllroj)ogcnic activity took place on a
substantial scale within tlIc 'Thames l)asm. The earliest studies 01 'alluvial archaeology' can
be traced back several centuries arid include work by Blandlord (1854 .), who noted the
discovery of a canoe from these Thames alluvium. Further early work inclu(lcs die papers
of Spurrcll (1885, 1889) and Wliittakcr (1889) mentioned above, gwilig (lCtailCd
(kScrIptionS of finds made in cxposurcs created dunng tunnel and (lock digging. In fact
the earliest description is of the Blackwall Dock (12 on Figure 4) in Samuel Pepys diary of
September 1665 (Matthews 1972, 236), which records a series o'trecs within peat
exposures. This section gives a brief account of the publications that. have discussed the
subject, whilst die information is diSCusSC(l in detail in Chapter 11.
One of the earliest 'modern' considerations of the effect sea level change may
have had on past human activity and settlement war published in 1975 (\Villcox 1975);
die opening statement identifying that the Roman Thames was 'per/laps as much as 4in
bc/ow its present h i rh i/dc level,' based on work at Custom House (Tatton-Brown 1974,
13 on Figure 4). Wilicox's paper took into account issues such as compaction, erosion
and tectonic movement within the London synclinc. As well as producing tentative cross-
sections of the Thames plotting approximate river levels (based on archaeological and
geological evidence), he also produced a graph for the quays then excavated, showing a
continued upward trend from the Roman to modem period (Figure 13). Wilcox did
identify the various problems associated with extrapolating river levels from the quays,
although it is debatable whether compaction should be included as the quays tend to be
made of oak founded on gravel. The conclusions are cautious, but the paper is a valuable
early piece of work attempting to reconstruct changing river levels on the basis of
archaeological structures.
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Figure 13. River level change graph, from WilIcox (1975)
Graham (1978) identified waterlain clay deposits in Southwark and Lambeth (14
on Figure 4) with post-Glacial marine transgressions flooding the Thames valley. He also
attributed the formation of the sand cyots to post-Glacial decreases in river energy levels,
subsequently remodeled within an environincnt of meandering channels, and concluded
that. central London achieved its major topographic attributes prior to significant increases
iii relative river levels. Recent work on the Jubilee Line Extension (Sidell et al. 2000)
indicates that this was not the case and that at least some of the sand eyots were still
forming in the Neolithic. Graham concludes that settlement is not yet indicated in this
early period; nevertheless, the area had high potential for resource exploitation. This has
subsequently been confirmed (Siddll ci. al. 2002). He identifies a large-scale inundation in
the later prehistoric period, indicated by gravel high being totally sealed and also the
partial covering of the three main cyots with waterlain deposits. He (lates the inundation
on stratigraphic relationships; scaling Late Iron Age and preceding immediately pre-
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Roman (lel)osits. A drop in RRL followed this. First and 2' century rcvetmenl levels were
recorde(l and USe(l to indicate likcly maximum nver lcvcls. Heights of between O.Om and
1 .Oin 01) were calculated, with the likely mean 1)culg betwccn 0.5 and 1 .Oni 01) for this
J)CiiO(l.
Southwark was rcad(lressed in 1988 (l'yers 1988; Yule 1988). Tycrs uses the
Devoy model and COflSi(ICFS the evidence !br 'Tilbury IV' peat in Southwark. A series of
sites where peat units were identitied interdigitating vitli alluvial clay-silts arc dcscnbcd.
The peat units were radiocarbon (lated aiI(l arc generally later Bronze Age. Altitudinally,
the sites are also broadly comparable, although there is some question of erosion. Pollen
analysis was carried out on two of the sites and in(licatcs fcn/carr woodland, but detailed
comparison is not made with Dcvoy's pollen Spectra. Nevertheless, the Southwark
sediments are identified and described as 'Tilbury IV' although it is stressed that the
processes that lead to peat formation in this area may not be those controlling formation
downstream at Tilbury itself. This is perhaps undcrstatQd, as Southwark is twenty miles
upstream of Tilbury, and therefore more likely to be heavily influenced by the freshwater
river. Yule (1988) examined the local topography in the 1 century AD, specifically
considering changes in course around the Southwark eyots and also the rising water levels.
Tycrs sucsted that the topographic features in the area had stabilized by the 1"
millennium cal BC, and that the river level had risen to c. 1 .3m OD by AD 50 on the
basis of primary Roman settlement found directly overlying waterlain deposits of this
height.
The most recently published examples of archaeological stratigraphy from
Southwark (Brigham et al. 1995; \Vatson et al. 2001) use several new sites and support
the models previously proposed by Milije (1985) and Brigham (1990, see below).
Brigham et al. (1995), discuss the Courage Brewery warehouse (15 on Figure 4),
constructed in AD 152-3 previously within the intertidal zone. The building was located
behind a revetment preserved to 1 .Om OD; later decaying to O.5in OD and flooded on
several occasions. Watson et al. (2001) summarize the information from several sites,
including Borough High Street (16 on Figure 4) and also indicate the presence of
occupation below the calculated MI-LW levels in the 1" century AD, and cite evidence for
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cmbuiking \Vatsoti et at. 2001, 26) to a height of 1 .7.5in 01). The expansion ol the
settlement Onto lower Eying land is used as further evidence to support the IflO(lCl Of
redllcc(l river levels during the remaindcr of the Roman l)CflO(l.
On the north hank, research into medieval river levels was undcrtakcii in ihic
1980's (Miltic and Mime 1982), using levels of structures, particularly the waterh'ont at
Trig Lane (17 on Figure 4 and see Figure 14). Miliie (lien researched the Roman noriii
bank (Bateman and Mime 1983; Mihiie 1985), again using the relative altitudes oiquays
and revetments. Diatom evidence was comhiiicd with siratigraphic data, reachiiig the
conclusion that tidal influence was present in this penod at least as far upstream as
Pudding Laiie (18 on Figure 4). rflic river is not thought to have risen to above 2.Om OD
in the l century, with an estimated MI-[W of between 1.0 and 1..5m 01), which accords
roughly with the data suggested for Southwark by Graham (1978). Estiinatioiis of relative
salinity were made on the basis of diatom assemblages from the 1 and 14th centuries, and
it was concluded that the river was more saline in the City in the medieval period than the
Roman, and that therefore the location of the tidal head is more likely to have been closer
to the City in the Roman period. The paper calculated river levels for Roman, medieval
and 1983, indicating a significant increase in tidal range with a practically immobile
position for mean tide level.
Several subsequent papers addressed sea level change mainly from archaeological
evidence recovered on the north back of the river, although data from Southwark were
also cited. The papers by Yule and Tyers had (and indeed still have) a profound effect on
the archaeological community working in Southwark. Waddelove and \Vaddelove (1990)
addressed the question of die height of HAT by applying formulae to known heights of
structures designed to be above water level, such as quays and revetments. By deducting
the extrapolated clearance (c. 0.5m) from the known height of the top of such structures,
HAT was inferred. A rise in RRL of 4.lm in die last 2000 years (attributed to RSL
change) was predicted from the height of the pre-Flavian occupatioii levels. There are
obvious issues with this, such as the validity of the measurement given for clearance - it is
possible that the quays flooded entirely on occasion, although this seems unlikely, given
the need for a functioning waterfront. However, other authors (Steedman et al. 1992)
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have attrll)utC(l the working surliccs of the quays to HAT, which COUI(l iicgatc the
calculations of Waddclovc aii(l Waddelove (1990).
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Figure 14. Relative river level graph from Trig Lane, from Milne and Mime
(1982, 61, figure 43)
A second paper (Brigham 1990) discusses the Late Roman waterfront, and uses
analysis of quays and wharves to suggest a drop in RSL of approximately 1 .Sm during the
Roman period, supported by biological data. Brigham identifies continual waterfront
rebuilding, necessary for it to continue functioning, convincingly demonstrated at Regis
House since then (Brigham ci al. 1996, 20 on Figure 4). In view of the precarious 3'
century economy (Marsden and \Vcst 1992), this is significant information. The more
recent work at Regis I-louse (Brigham et al. 1996, 20 on Figure 4), and Queenhithe (Ayre
Ct al. 1996; Wilkinson 1998, 19 on Figure 4) confirms these suggestions. Evidence from
sites at both Qucenhithe (Sidell 2001; Watson et al. 2001, 27) and Thorney Island,
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(liioinas c( al. forthcomiiig indicate that. fl yer levels increased again horn approximately
Al) 1181. Iliis would appear (0 l)C partly a result of (lie coiis(niction ol (lie Colcclnirch
stone version of London Bndgc (2! on Figure 4), witii the wide stone piers causing n
upstream damming effect (Watson et al. 2001, 155). n1licsc piers effectively halved the
width of the river at that point (sec Figure 15). It is perhaps relevant to ilOEc that the 1 832
rebuild of London Bridge had tile elfect of increasing the upstream tidal range by 25%
(Akeroyd 1972). This is discussed in more detail iii Chapter 11.
Summary
ibis section has discussed the ways in which archaeologists have reconstructed the
Thames river levels. There are large constraints upon this svork most obviously,
archaeological features need to be present in a situation directly associated with the river.
This tends to rule out all but the urban waterfront of the Roman and subsequent periods,
only a kilometre of study area. Also, archaeologists arc less scientifically rigorous than
earth scientists in connection with aspects such as the examination of salinity.
Nevertheless, there are obvious advantages in examining river levels in this manner. The
resolution obtained can be much finer than that foumid within the earth science literature,
due to the nature of archaeological datasets.
The majority of the L.ondon sequence is dated by dendrochronology, with an
error usually of a year. Dates of less resolution than this are generally discarded from the
analysis. Artefact dating has also been used, I)articUlarlY for the occupation surfaces in
Southwark, however, artcfact typologies for these periods are extremel y well dated and
the resolution is usually at about 30 years. Furthermore, there are few issues of
compaction as the waterfront structures are usually of green oak founded on gravel. The
overburden can be substantial, but gravel does not compress. The Southwark islands are
of sand over gravel, and again, do not compress significantly in comparison to the clays
and peats used in the earth science models from the downstream sites. Another issue is
that of calculating reference water levels; habitually one of the more difficult issues in RSL
analysis. This is done via structural analysis, for instance, the identification of MHMTNT
by examining the location of where timbers rot and were repaired. This level is very
obvious on the modern wooden waterfront structures in the Thames. Other levels have
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been CaiCLilateci by logical inlcrcncc, i.e. ML\VNI' is thought to be below tile paint where
access would have bccu required to construct thic watcrirozis but above buried bulks.
Although there arc likely to be (hvergenccs from (lic true picture, (lie reasoning is logical
aiul hikcly to have smaller intrinsic crnn thaii those in the earth science models.
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Figure 15. Medieval London Bridge, from Watson etal. (2001,85, figure 52)
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25 Geological and archaeological background to Greater London
Introduction
Ilus section is intended as a guide to the nirreiit state ot knowledge regarding the geologi
and a ru cok of Greater Lnndon from the Lower Palacolithic to the st-heal
period. It is included in order to put the rcearvh undertaken for this tbe'is into a bmid
topographic and cultural couftexi. Tue geological h.uck.Touu(l to the region has been
studied in detail and therefore is oak summarised here. 1'lie standard works of' geologi
that have been drawn upon indude the current memoir for London (\Vhittakcr 1889)
and the current Britili Geological Surve (BGS) guide to London and the Thames Vallc
(Sumbler et aL 1996). Other key works include the e'atninations of the terrace sequences
(Gibbard 1985; Bridgiand 1994; Gibbard 1991; Buidgiuicl 1995; Gibbard 1995).
\Vith reference to the archaeology, this section should be seen as a general, but by
no means exhaustive statement on the development of liuniui society within the I.ondon
area. London is the most intensively studied archaeological site' in Britain and this, in
combination with the ricluiess and extent of the archaeological record, has ted to a series
of publications, both tecluuical and popular. Many ha c been drawn UOfl br this section,
but primarily ' The Archaeology olGivatcr London '(N LoLAS 2000), which stands as a
marker for knowledge up to the end of 1998. Other, more specific, volumes have been
used, as well as personal knowledge.
Geology
Solid geology
The London region lies within the London Basin, IX)UIIdCd to the north and northi-vest
by the Chalk of the Chiltern Hills, the Berkshire Downs to the west and the North 1)owns
to the south. On [lie cast ihc region is I)ouli(lc(l by the North Sea into which the River
Thames drains. The Chalk Group (which dates to the upper Crctaceous series)
underlies the entire basin but only rises as hills in these marginal areas mentioned abovc.
Although older sequences are present below the Chalk, flOflC of the deposits arc as
consistently found as the Chalk (Sumbler 1996, table 1, x). These include the Lower
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Cretaccous Gault and I Jpper (;rcensaiid Formaüons and the I Jpper Jurassic Portlaiid
and Purbcck liorrnatiotis.
'Flic Chalk is overlain by Palaeogciie dcposits of the Thames Group, initially
'I'hanct Sands that outcrop around the borders of the Thames basin, but also in other
locations Such as Greenwich and Sutton (1 and 2 on Figure 16). Subsequent Palaeogcne
deposiLs include the marine and cstuarinc sands of the Lainbetli Group (the Reading,
\Voohvich and IJpner Formations). 'These groups are ovci-lain by die earliest Eoccne
deposit, the London Clay; a marine mudstonc which Outcrops in many of the tributary
valleys and is present in swathes across South London, for instance in Kingston and
Plumstead (3 and 4 on Figure 16). The Claygate Member and the sands of the B'gshot
Forniatioii cap the London Clay in these areas of South London. This in turn is more
widely overlain by the mid F.occnc marine clay, sand and gravel of the Bracklesham and
Barton Beds.
Drift Geology
The drift geology of the region is significantly more complex than the solid; a result of the
activities of the River Thames since it entered the current Thames Valley during Oxygen
Isotope Stage 12 (OIS 12, the Anglian). Subsequently, a series of river terraces
(predominantly sand and gravel) have formed and these have been analysed in detail
(Gibbard 1985; Bridgland 1994; Gibbard 1994; Bridgiand 1995; Gibbard 1995). As yet,
these two authors are not in complete agreement about the exact sequence. Additionally,
the terrace nomenclature is split between the Upper, Middle and Lower Thames, all of
which contributes to the complexity of studying and summarizing the sequence. (The
Upper Thames is well upstream of this current study area and is not discussed here): It is
a remarkably complete Middle-Late Pleistocene sequence and is vital for an
understanding of the rivers history, valley geornorphology and consequently the
archaeology of the region (see Figure 17 and Table 9 below).
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rnr _____
1	 Greenwich	 3820	 7780
2	 Sutton	 2550	 6450
3	 Kingston	 1913	 6363
4	 Plumstead	 4450	 7800
5	 Shooters Hill
	 4400	 7650
6	 Crystal Palace	 3450	 7100
7 Alexandra Palace 2950	 9000
8	 Dollis Hill	 2250	 8600
9	 Swanscombe	 9700	 7440
10	 Homchurch	 5400	 8700
11	 Finchley	 2550	 9100
12	 Purfleet	 5500	 7850
13	 Crayford	 5101	 7507
14	 Aveley	 5450	 7950
15 Trafalgar Square 3000	 8350
16	 Brentford	 1800	 7725
17	 Gunnersbury	 1900	 7900
18 South Kensington 2700	 7900
19	 Kempton Park	 1200	 7000
20	 Yiewsley	 0550	 8050
Table 8. Sites shown on Figure 16
Pre-OIS 12 drift deposits are only found in a few areas of London; these include
the so-called Plateau Gravel (Whittaker 1889, 296) or High Level Terraces preserved as
relict landfornis in areas of London such as Shooters Hill, Crystal Palace, Alexandra
Palace, Dollis Hill (5-8 on Figure 16) and Plumstead Common. OIS 12 deposits include
the Black Park Terrace in the Middle Thames (Orsett Heath in the Lower Thames).
Also, at Swanscombe (on the border with Kent and London, 9 on Figure 16) Stage 12
gravels have been recovered. Additional deposits which accreted in OIS 12 include the
I Iornchurch Till in north and north-east London, found, for instance at Hornchurch and
Finchley (10 and 11 on Figure 16). Stage 11 is slightly more complicated in that both
Gibbard and Bridgiand agree that there are no OIS 11 deposits in the Middle Thames,
but some in the Lower Thames, represented by the Swanscombe sequence. This is
published in some detail (Conway Ct al. 199(1; \Vymcr 1999, 77; Ashton et al. 1995). Put
simply, the deposits consist the Upper Gravel with Lower and Upper barns, thought to
derive from overbank flood events. The site is perhaps best known for the famous skull
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lOL11I(l in these (lepOsitS ( McNabb 1996) and tic laLillal group, which is 1l0%V tile type
fauna for this stage WYmer 1999, 77).
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Figure 17. The Lower Thames terraces, Anghian to Holocene, from Bridgiand
(1995)
On reaching OIS 10, the position becomes even more complex; there is
significant dispute on the Thames sequence between Gibbard and Bridgland and indeed
dispute on the timing and nomenclature of the period and geological sequences within the
wider clisciplme. It is perhaps logical to follow the European trend adopted by Bridgiand
(exemplified in his 1994 work) and refer to stages 10-6 as the Saalian Complex, or indeed
by stage number alone. Bridgiand's description of the terrace sequence indicates that the
Boyn Hill Terrace was the earliest to form in this period, found mainly in north and
central Lon(lon within the Middle Thames Valley. It is known as the Orsett Heath
Terrace downstream and occurs extensively in Essex and northeast London and is
thought to derive from an initial cold stage (OIS 10). The Lynch Hill/Corbetts Tey
terraces in the Middle and Lower Thames respectively cut through the Boyn Hill
Terrace. Finer grained deposits from OIS 9 (the Purfleet Interglacial) are rare but known
from sites such as Purfleet (12 on Figure 16), embedded within the Corbetts Tey Gravel.
Furtiler Lynch Hill/Corbetts Tey gravels formed in the subsequent cold stage (OIS 8), as
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did the next terrace; the basal Taplow/Mucking gravels. lhcsc arc loutid l)roIili(Illy over
central an(l cast L()l1(loIl.
Stage 7 (the Avelcy Interglacial) is rel)rcScIIEC(1 by hIle-gTaillcd (ICpOSitS, iticluditig
probal)lc palacosols, mainly in East London, including Craylord and Avcicy (13 and 14.
on F'igurc 16), the fonricr particularly noted br the Levalloisian tools recovered Iroin the
se(hlncnts. Deposition in the subsequent cold stage (OIS 6) was in the fonn of the upper
parts of the Taplow/Mucking gravels and initial (lcpositlon of the subsequent terrace, the
Kcrnpton Park. This is found in the Middle Thames only, exteiisivcly in central and west
London, north of the Thames. Gibbard also cites the Spring Garden Gravel as dating to
this period (Gibbard 1995) for instance, in Trafalgar Square (15 on Figure 16).
-
I	 Staines alluvial sequence	 Tilbury sequence
2	 Shepperton Gravel	 Sheppertorm Gravel
5d-2	 Langley Silt Complex
Kempton Park Gravel 	 East Tilbury Marshes Upper Gravel
Reading Town Gravel
5e	 Trafalgar Square sequence	 Irafalgar Square sequence
6	 Spring Gardens Gravel
Kempton Park Gravel 	 East Tilbury Marshes Lower Gravel
Taplow Gravel 	 Mucking Upper Gravel
7	 Aveley sequence
8	 Lynch Hill Gravel	 Mucking Lower Gravel
Corbetts Tey Upper Gravel
9	 Purfleet sequence
10	 Lynch Hill Gravel	 Corbetts Tey Lower Gravel
Boyn Hill Gravel	 Orsett Heath Upper Gravel
11	 Swanscombe sequence
12
	
	 Black Park Gravel	 Orsett Heath Lower Gravel
Middle Thames Gravel
Formation
Table 9. Summary of the Thames terrace nomenclature modffied after Bridgiand
(1995) and Gibbard (1995)
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'l'hc OIS 5c (the lpswichian Interglacial) (leposiLs have been found in isolated
areas, most notal)ly the sands and organic silts at Trafalgar Square (Franks 1960) and the
sands in Bretitlord and Guniicrsbitry (16 and 17 on Figure 16) in 'West London. There
arc no records in the downstream reaches of the region. The Dcvensian phase of gravel
accrCUOil (OIS Sd - OIS 2) succeeded the Ipswichian scdllncnts; this is the upper
Keinpion Park Terrace and the East Tilbury Marsh Gravel downstream. Some line-
grained sediment is present within these gravels aiid thought to equate to more temperate
penods; these have been found in South Kensington (Coope et al. in press, 18 oii Figure
16) and Keinpton Park (Gibbard and Hall 1982, 19 on Figure 16). During this glacial
stage, further downcutting by the river lead to the creation of what has been called the
buried channel, which cuts significantly below the modern river. This has been filled with
the lowest of the gravels, the Shepperton Terrace. Several areas of the London drift also
contain locssic deposits (known locally as brickearth). It is variable in character, some
being entirely windblown, but some deposits known as the Langley Silt Complex
(Gibbard 1994, 94) are derived from a combination of acolian and colluvial processes.
There is also great variety iii the dates of these deposits; those located in east London and
parts of west London appear to date to around the time of the Devensian Late Glacial
maximum, c. 18,000 BP, whereas in locations suchas Yiewsley (20 on Figure 16), a date
of 140,000 years BP has been recorded (Gibbard 1994, 97). These gravels and
brickearths form the total of the drift deposits in the London region.
Holocene deposits (OIS 1) are locally variable and have not been examined in the
same level of detail that exists for the Pleistocene sequence. Very few models exist; one
such is that of Devoy (1979, 1980) mentioned above (see Figure 18). More recent work
(Bates 1999; Long Ct al. 2000; Sidell Ct al. 2000; Wilkinson et al. 2000) has concentrated
upon detailed examination of small areas or looked more broadly at floodplain
development. This absence of a detailed model covering the estuary is exemplified by the
regional geological summary (Sumbler et al. 1996), where the model of Devoy is used to
summarize Holocene deposits within the estuary (see Figure 18).
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Figure 18. Summary Holocene sequence from Sumbler et at. (1996)
Archaeology
Palacolithic (C. 450, 000 - 9500 cal BC)
Palaeolithic evidence in the London region is extensive in comparison with other parts of
the British Isles and appears to be associated with the Thames Valley, which acted as a
focus for hominid and human activity, perhaps because it acted as a migratory routeway.
As with the majority of Palaeolithic sites in Britain, much of the evidence takes the form
of flint tools, predominantly bifaces. These are, on the whole, derived and have usually
been recovered from the gravel terraces (see above). These sequences have been
described in exhaustive detail and it is enough to state here that these terraces contain the
remnants of previous surfaces upon which lithics were discarded.
Antiquarians recovered many of the artefacts currently held in museum
collections in the 19th century when gravel extraction was undertaken by hand and the
Thames was extensively dredged. This led to the recovery of large amounts of lithics,
because they were easily observable, unlike modern gravel extraction techniques that are
highly mechanized. The artefacts were easily sold to collectors such as htyton and
Worthington Smith (Whipp and Blackrnore 1978). However, the artefacts were generally
out of context, with the very rare exceptions such as the 'nests' of flints recovered from
Wansunt Pit (Chandler and Leach 1912; White et al. 1995, 1 on Figure 19).
Approximate locations could occasionally be ascribed and many of the early researchers
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in the field, such as \Vorthiiigton Smith, Spurrdll, Chandler, Lcach and Whittaker
attempted to reconstruct the horizons from which material derived.
Table 10. Sites shown on Figure 19
Dredging produced similar results; many spectacular fmds were recovered in this
manner, not solely Palaeolithic too's, but the tremendous metalwork such as the Battersea
shield and the collections of Bronze Age spearheads held in the Museum of London and
the British Museum (Cotton 1999). Again, although dredging could provide a general
location, if die finders actually recorded it, material,within the river was very unlikely to be
in primary context. Furthermore, in addition to the academics trying to study material,
there was a band of collectors and dealers vying to obtain artefacts for profit and display
with the result that many artefacts were not sindied at all. Therefore, although some
information may be gained from derived material, the data is of necessity more of a
typological nature, relating to technology and developing tool kits rather than actual
human life at a given location.
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The site of Wansunt Pit, Crayford is probably the most significant Palacolithic site
in (lie region, if Swanscornbc (6 on Figure 19) is excluded from London (often debated
when considering the Palaeolithic record, where modern political boundaries have no
relevance). Two main units arc present, the Dartford Heath Gravel and the Wansunt
Loam (Bridgland 1994, 186); both of which are currently thought to date to OIS 11. The
Dartford Heath Gravel has yielded little in the way of artefacts and those present appear
to be derived. Faunal remains have been found within it, including Diceroi-hinus sp.
(rhinoceros), Palacoloxodon antiquus (straight-tusked elephant) and Cervidae (deer). This
material, although important, is of less interest and significance than the Wansunt Loam
where the artcfacts are present in much greater quantities and most significantly, are in
situ. The Loam represents overbank flooding from a channel cutting through the
southern part of the modern quarry. The known artefacts (many are likely to have been
lost to collectors earlier this century) include many 'mint' bifaces (mainly ovate with some
cordate), flakes, cores and scrapers but also have included several concentrations of
refitting flakes (Bridgland 1994). The lithics are described in several publications (Smith
and Dewey 1915; Chandler 1916; Wymer 1999, 73). The three-metre long section that
was cleaned in 1995 yielded ten lithics; six flakes, two cores and two bifaces and all but
one were considered to be in mint condition (White et al. 1995, see Figure 20 below).
The most recent excavation in 2000 (as yet unpublished) yielded a further small group of
artefacts.
-- 5cm
5cm
Figure 20. Flint tools from Wansunt Pit, from White et al. (1995)
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The other main area of Lower Palaeolithic interest in London is Stoke Newington
(2 in Figure 19), associated with the work of Worthington Smith (1894), who identified a
'working floor' upon which in situ lithics were scattered, before becoming sealed by
brickearths. The lithics include a series of small bifaces and scrapers of pre-Levalloisian
type. Recent work has suggested a small degree of movement from the nearby Stoke
Newington sands (MoLAS 2000, 35); however, refits have been made and so the integrity
of the group is probably still high.
The site at Three Ways Wharf, Uxbridge (3 on Figure 19) is the only good
example of an in situ Upper Palaeolithic site in London (Lewis 1991). A small group
from the World Cargo site at Heathrow (7 on Figure 19) is the only other m situ group
and indeed there are vely few cx situ fmds in addition. Three Ways Wharf is located on
the edge of the River Colne and the 'long blade' flint scatter (see Figure 21) is located
within silts that have been deposited by the river, associated with a series of bones. These
include Rangi1cr taraiidus (reindeer) and Ccmzts elaphus (red deer), a number of which
have cut-marks indicating local butchety. Another site like this is located farther
downstream, just outside the region, at Church Lammas, Staines (8 on Figure 19).
Largest = c. 100mm in length
Figure 21. Flint tools from Three Ways Wharf, from Merriman (1990)
It is rare that any organics are recovered with the stone tools, but sharpened birch
stakes are known from Stoke Newington (Smith 1894). Wymer has recently argued that
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beavers, rather than people, may have modified these (Wymer 1999, 63). Recent
fieldwork rccovcrcd organic-rich deposits from the nearby Nightingale Estate (Hackney)
(Green and Branch 2000, 4 on Figure 19), which contained timber, plant inacrofossils,
molluscs and beetles, indicating a dcpositional environment of channel marginal
sedimentation in a warm climate. This OIS 9 site is thought to be contemporary with the
artefacts recovered nearby. Other organic material comes in the form of large mammal
bones. These have been collected from a number of the terraces and some of the
excavated sites such as Wansunt Pit where Palacoloxodon antiquus, Genus elaphus and
Equus cabaiius (wild horse) were recovered. The most famous of these collections is the
OIS 5e assemblage from Trafalgar Square (Franks 1960; Stuart 1976, 1982), which
includes Paiithera leo (lion), Palaeoloxodon antiquus, Stephanorithius hem Ito echus
(narrow-nosed rhinoceros) and Hipopotainus amphi'bius (hippo) amongst others.
Unfortunately, the apparent absence of humans in Britain .in this period renders it of less
interest to archaeologists than other Pleistocene stages.
The Mesolithic (9500-4000 cal BC)
The evidence for the Mesolithic period is also relatively ephemeral, befitting the types of
material preserved. Again, as with the Palaeolithic period, much evidence is in the form
of flint tools, however, more organic material has been recovered. The site of Three
Ways Wharf, mentioned above, also contained an Early Mesolithic scatter and is the
most significant site of this date in Greater London (Lewis 1991). This scatter shows a
change in the fauna from a cold climate group to one dominated by species more
indicative of a warmer wooded environment, such as Genus elaphus and Bosprimienius
(aurochs). The re-fitting and matching of the tools with the bones show that carcass
processing was being undertaken here and it may be that this was a home base rather than
a hunting site were animals were slaughtered prior to being processed elsewhere.
Another Early Mesolitliic site comes from the Old Kent Road (Rogers 1990;
Sidell et al. 2002, 9 on Figure 19). It is not as substantial as Uxbridge, but shows a similar
home base with a range of activities occurring on the margins of a lake. These activities
include hide processing, leather working and the cutting of bone, wood and fibrous plant
material. It also seems that flint nodules were cached close to the hearths before being
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individually selected for knapping (reconstructed in Figure 22). Unfortunately only one
bone preserved in the sandy soils of the site; a burnt fragment of a possible Capreolus
capreolus (roe deer) metapodial and so practically nothing can be said of the economy of
the site.
I
Figure 22. Reconstruction of the B&Q site, by Kikar Singh
A Late Mesolithic site at the Erith Spine Road (Taylor 1996; Bennell 1998,5 on
Figure 19) was only (partially) rescued at the last minute during road construction and so
data retrieval was minimal. Nevertheless sufficient information was present to show that a
very extensive ifint scatter, probably extending over hundreds of metres, was present on
what appears to have been the contemporary foreshore. Mesolithic activity is often found
in river valleys, but mainly the tributaries of the Thames rather than the Thames itself
(Wilkinson et al. in press), therefore this is an unusual and important site. The evidence
in the tributaries tends to occur in the form of individual find spots or small scatters.
Dryland sites are rare, however, the site at West Heath, Hampstead (Coffins and Lorimer
1989, 10 on Figure 19) is a striking example of a site removed from the floodplain and it
demonstrates that the contemporary groups did utilise the higher, forested ground as well
as concentrating on resources available in the floodplain. A great range of tools were 	 p
recovered from the scatter at Erith, unfortunately, as with B&Q, the soils did not preserve
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any bone, but the range of tools indicate a manufacturing site, potentially used over a
number of seasons. Importantly, a piece of Grimston-Lye Hill pottery was found; an
Early Neolithic type, and its presence at this site may indicate that the timing of cultural
changc within the conventional nomenclature of 'Neolithic' and 'Mesolithic' may have to
be revised.
There are few major sites of Mesolit.hic date, but this is almost certainly associated
with their archaeological 'invisibility'. There may be sites deeply buried either under later
stratigraphic accumulations or under waterlain sediment in the floodplain (Merriman
1992). Also, the debris left tends to be ephemeral and often it is only the tools that
preser'e. Nevertheless, the information gathered to date indicates that a series of mobile
groups traversed the area, presumably on a seasonal basis, migrating along the Thames
valley and utilizing areas close to water bodies such as the Come, Lea, Wandle and the
Thames itself, as well as establishing camps in the woodlands on the terraces.
Later prehistoty (4000 cal BC - AD 43)
This division equates roughly to the Neolithic, Bronze and Iron Ages. Recent work has
suested that these terms are perhaps not as useful as was once thought (Cotton 2000;
Bradley 2001), in that the characteristics conventionally ascribed to societies of these dates
are not necessarily identified in the archaeological record. This includes fundamental
patterns such as the development of settled, agriculturally based groups as well as the
introduction of pottery and new technology. Therefore, this section will present a
chronological narrative of the patterns of activity actually identified in London.
Traditionally, the Neolithic period is thought to have seen the first appearance of
settled groups, farming and ceramic production. These are acknowledged to have
overlapped with a continuity of the mobile hunter-forager lifestyle in what has been
termed an existence of 'tethered mobility' (Whittle 1997). This continuation of mobile
groups appears to be extremely pronounced in London, in that there is very little
evidence for early settled farming groups at all within the date ranges traditionally
identified with the Neolithic. Previously, this could have been explained by a shortage of
evidence or a biased dataset resulting from the nature of archaeological intervention in
61
Section I
	 2. Literature review
London, i.e. thc anhiquanan interests tending to focus mainly on thc Roman core in
combination with the random nature of commercial development. However, recent
(ictailed investigative work indicates that this is not the case, and there is a genuine gap in
the archaeological record at this period (MoLAS 2000; Wilkinson and Si(lell submitted).
fl(:	 UflT Fflfl!
1	 Erith Spine Road	 5060	 7880
2	 Kingston	 1913	 6363
3	 Rainham	 5280	 8200
4	 Runnymede Bridge	 0157	 7199
5	 Staines	 0400	 7150
6	 Yeoveney Lodge	 0251	 7255
7	 Shepperton	 0820	 6751
8	 Heathrow	 0560	 7653
9	 Stanwell Cursus	 0450	 7740
10	 Fort Street Silvertown	 4077	 8020
11	 North Woolwich	 4345	 7985
12	 Beckton	 4270	 8200
13	 Barking	 4380	 8350
14	 Dagenham	 4860	 8330
15	 Bramcote Grove	 3515	 7805
16	 Fennings Wharf	 3281	 8037
17	 Phoenix Wharf	 '	 3379	 7965
18	 Nine Elms, Vauxhall 	 3020	 7800
19	 Joan Street	 3160	 8010
20	 Hopton Street	 3182	 8045
21	 Canada Water	 3550	 7950
22	 London Bridge	 3280	 8030
23	 Bermondsey Abbey	 3340	 7933
24	 Coronation Buildings	 3040	 7777
25	 Caesars Camp, Wimbledon	 2240	 7110
26	 UphaU Camp
	 4383	 8508
27	 Hunts Hill Farm	 5660	 8310
28	 Stockley Park
	
0825	 8075
29 Imperial College Sports Ground	 0810	 7770
Table 11. Sites shown on Figure 23
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Much of the dataset is in the form of stray finds; mainly flint axes that have been
collected by antiquarians or dredged from the river. These are out of context and are not
helpful in analysing the patterns of activity within the region other than simply to indicate
that there was some form of occupation. Distribution maps of find spots tend to show
clusters of material from the Thames and the gravels of west London. This bears out the
idea that the finds come from antiquarian (i.e. gravel pit collection) and river finds. Some
early ceramics have been found, but not in association with obvious settlement, i.e. the
Grimston-Lye Hill Ware, found at Erith (Bennell 1998, 1 on Figure 23) and some slightly
later material from Kingston (Pemi Ct al. 1984, 2 on Figure 23). There is evidence for
actual settlement in Rainham (3 on Figure 23) where a group of sites have produced a
range of artefact types and several enclosure-like features were recovered, but this is a very
rare example and as yet, not fully published (see Greenwood 1982). There is nothing in
the Greater London region that can compare with the Early Neolithic evidence from
Runnymede Bridge (Needham 1991, 2000, 4 on Figure 23) where a range of structures
were found, including a long house, waterfront and many artefacts.
The Early Neolithic in Britain is also known for monumental structures. Again,
these are lacking within Greater London, although there are several on the periphery, for
instance the Staines ring ditch (5 on Figure 23) and the Yeoveney Lodge causewayed
enclosure (Merriman 1990, 6 on Figure 23). In the later Neolithic, from c. 3000 cal BC
settlement does begin to occur, mainly in west London, on the gravel terraces. In addition
to isolated settlements such as Shepperton (7 on Figure 23), Heathrow (8 on Figure 23)
and Kingston (Lewis 2000, 68), ritual structures were also constructed, most spectacularly
the 4km long Stanwell Cursus (or bank barrow, 9 on Figure 23 and see Figure 24) which
now appears to have been sited over earlier Mesolithic sites (Barrett et al. 2000). This
forms part of a wider ritual landscape, of which as yet, very little is understood in terms of
how it was used, although recent excavations and a more post-processual approach to
their interpretation should help resolve this (Andrews et al. 1998).
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Figure 24. Reconstruction of the StanweH Cursus, from Merriman (1990)
Some activity of Late Neolithic date has been recovered from the floodplain, such
as the trackway found at Fort Street, Silvertown (Meddens 1996; Crockett et al. in press,
10 on Figure 23), and settlement activity in North Woolwich (11 on Figure 23). This
indicates the wetland areas were being least traversed and exploited, possibly for seasonal
grazing of livestock. Ecologically, there is some evidence for the opening up of the
woodlands from approximately 3000 cal BC -one of the 'characteristics' considered to
define the Mesolithic/Neolithic transition which certainly occurs later in London than
such a model would predict. Traditionally, the elm decline has been seen as the first
evidence for deforestation (Scaife 1988), although limited evidence of large-scale fires is
known. This event has been identified at several sites across London in the Late
esolithic pollen record, although it is often absent in organic sequences in the ceniral
London floodplain (where the majority of archaeological work has occurred) because
these tend to start forming in the Early Neolithic.
The intensity of activity increases from the late third millennium cal BC and into
the second. This period sees the development of extensive field systems over west
London (Yates 1999), which in some cases made use of existing features of the 'nlual
landscape'. West London appears to be the focus for settlement in this period, but in this
instance, it seems likely that this has resulted in a bias in the dataset. The evidence for this
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suggestion lies in the east London floodplain. There are a series of timber trackways (see
Figure 25 below), all dated to the middle of the second millennium cal BC along with
timber platforms which have been recovered from within the peat beds (Meddens and
Beasley 1990; Meddens and Sidell 1995; Meddens 1996). As yet, no settlement has been
found, but it seems likely that the gravel terrace just to the north of many of the sites in
North Woolwich, Beckton (12 on Figure 23), Barking (13 on Figure 23) and Dagenham
(14 on Figure 23) is the logical location for permanent occupation sites exploiting the
wetland resources.
Figure 25. Bronze Age trackway with reconstruction from Beckton 3D, from
Meddens (1996)
This pattern is observable in other parts of London; the Erith spine road
excavations (Bennell 1998) uncovered a similar hurdle-built timber structure within the
Bronze Age peat horizons associated with some artefactual material but no permanent
structures. This can also be said of the site at Bramcote Grove, Bermondsey (Thomas
and Rackham 1996, 15 on Figure 23). Central London appears is slightly different,
however. The evidence from Fennings Wharf (London Bridge, 16 on Figure 23),
Phoenix Wharf (I'ower Bridge, 17 on Figure 23) and possibly Nine Elms, Vauxhall
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(Mime 2002, 18 on Figure 23) indicates a scaled (lown version of the west London 'ritual
landscape' from c. 2000-1600 cal BC. And yet, there is some evidence, in the pollen
record from Joan Street (Sidell et al. 2000, 73, 19 on Figure 23) and in the form of
ardmarks from Hopton Street. (20 on Figure 23), both close to Blackfriars Bridge
(Ridgeway 1999), for farming overlapping with this l)eflOd, from approximately 2000 cal
BC. This would seem to be an early phase oi cultivation, in isolated areas, with another
potentially close to Canada Water (21 on Figure 23) on the Rotherhidie peninsula (Sidell
ct a!. 2000, 97). However, the main evidence for cultivation in the central area comes
from a group of sites downstream of modem London Bridge (22 on Figure 23) where
ardmarks were recovered, cut into the sand island upon which the fields were situated.
These appear to date to roughly 1500 cal BC and were probably under the plough for
only a few hundred years before they were inundated at approximately 1200 cal BC (or
possibly earlier) when estuarine waters reached this location (Sidell 2000, 122). There is
no further activity on a large scale in central London; it would seem that subsequent to the
incursion of tidal waters, the area was abandoned.
Iron Age activity is even more elusive: this is considered to be a factor of
archaeological invisibility and a real absence associaied with a significant cultural change
from approximately 700 cal BC (Merriman 2000). Furthermore, the limited evidence is
poorly published. There are traces of activity in central London, with reasonable sized
finds assemblages from Bermondsey Abbey (Steele forthcoming, 23 on Figure 23) and
Coronation Buildings (Sidell Ct a!. 2002, 24 on Figure 23). Nevertheless, the evidence for
settlement is non-existent and it would seem that central London continued to be largely
unsettled from the Late Bronze Age until the Roman conquest. And yet, the central
London Thames has produced one of the richest assemblages of contemporary
metalwork of any city in Europe (Wait and Cotton 2000, 87). Settlements are known
from the gravel terraces of east and west London with small enclosures such as Caesar's
Camp, Wimbledon (25 on Figure 23) and then the larger sites, including Uphall Camp
(26 on Figure 23) and Hunts Hill Farm (Greenwood 1997, 2001, 27 on Figure 23), which
are typical defended settlements. These enclosures tend to have concentrations of huts,
granaries, sheds and stock enclosures within them. The Iron Age occupation of west
London, in comparison to these east London sites is slightly different - there seems to be
less emphasis on defence and more evidence for field systems and stock management
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with good examples at sites such as Stockicy Park, Heathrow (MoLAS 2000, 106, 28 on
Figure 23) and Imperial College Sports Ground, Harlington (Wessex Archaeology 1998;
Crockett 2002, 29 on Figure 23). This pattern of isolated small settlements and
farmsteads appears to have continued until, and in some cases beyond, the Roman
invasion of Britain.
The Roman period (AD 47-410)
Roman London; Londijijuin, is thought to have been settled slightly after the Claudian
conquest of AD 43 (Grimes 1968; Merrifield 1969; Mime 1995), probably by about AD
47, based on a recent dendroclironology date from 1 Poultry (Rowsome 2000, 17, 1 in
Figure 27. The archaeological evidence from Londinium is substantial, in part owing toiLs
burial beneath medieval and post-medieval strata and takes the form of walls, buildings,
roads, waterfronts, cemeteries and earthworks, for example. There are also a few literaiy
sources that may be used to help build a picture of the city and its history. The town,
roughly similar in location to the modern City of London, did not represent a continuity
of settlement. No Iron Age settlement is known from the immediate environs, or indeed
central London as a whole. A suestion concerning the reason for this location is that the
hills either side of the Walbrook and rising from the Thames (associated with the breaks
in slope from the Shepperton to the Taplow Terrace) paralleled the hills of Rome. This is
not a practical reason to site Londinium here, and the archaeology of Roman Britain
demonstrates that the Roman infrastructure was firmly based on practical lines. What
seems more likely is that the city was located at approximately the tidal head of the
estuary in order to facilitate navigation (Merrifield 1969, 21). The city was destined to be a
port and therefore the river would have been of huge significance in the siting of the city.
In addition to the settlement on the north bank, Southwark (1 in Figure 26) was also
colonized. Previously, Southwark has been identified as a suburb to the city this view has
now been altered and the occupation in Southwark is seen to have been on a par with that
of the north bank (MoLAS 2000, 122). In addition to these areas, the hinterland gradually
became occupied, with settlements springing up in places such as Brockley I-Jill (2 in
Figure 26), Brentford (3 in Figure 26), Ewell in Figure 26) and Staines (Sheldon and
Schaaf 1978, 5 in Figure 26). These, and others, tended to be on the line of the road
network that radiated out from Londinium and many of them also co-incided with rivers.
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They consisted generally of clay and timber buildings, both domestic and industrial
associated with concerns such as ceramic manufacturc.
Londinluin developed rapidly with significant amounts of building completed by
AD 60, when the Boudican revolt razed the city to the ground. Massive fire horizons of
this date have beeii found across the city and Southwark, indicating that the descriptions
recorded by Tacitus (Annals XIV) were only too accurate. Nevertheless, rather than
abandon the town, the rubble was cleared, or in some cases, such as at 1 Poultry
(Rowsome 1998) simply leveled and, tell-like, built upon. The waterfront sequence at
Regis House (2 in Figure 27) shows that by AD 63 a new substantial quay and waterfront
had been put in place (Brigham et al. 1996); again this may reflect the importance of the
waterfront to the city as well as the speed with which the city was rebuilt. It is from this
date that the major public buildings appear, continuing in use over several centuries, such
as the Guildhall amphitheatre (Bateman 1997, 2000, 3 in Figure 27), the Cripplegate Fort
(Grimes 1968, 4 in Figure 27) and the forum-basilica complex (Milne 1992, 5 in Figure
27). Further evidence for public buildings has been found throughout the city with the
Huggin Hill bathhouse (6 in Figure 27), and the Waibrook Mithraeum (Shepherd 1998,
7 in Figure 27) in combination with a range of private townhouses (Perring et aL 1991).
The city seems to have undergone a dedine in the late 2'/early 3" century. The exact
nature (and cause) of this is unknown, but it is made manifest in the decay of some of the
larger buildings and the abandonment of whole insulae. This seems to have been reversed
in the later 3" centuly, when a further building programme occurred
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1	 Southwark	 3250	 7950
2	 Brockley Hill	 1750	 9400
3	 Brentford	 1800	 7725
4	 EweIl	 2150	 6250
5	 Staines	 0400	 7715
6 Walt Garden Farm 0780	 7640
7	 Beddington	 2979	 6576
8	 Keston	 4140	 6320
9 Borough High Street 3255
	
7995
10	 London Bridge	 3280	 8030
11	 Crayford	 5101	 7507
12	 Hammersmith	 2330	 7790
13	 Croydon	 3200	 6546
14	 Kingston	 1778	 6930
15 Harrnondsworth	 0560	 7780
16	 Tulse Hill	 3100	 7350
17	 Fulham	 2430	 7626
18	 Strand	 3053	 8079
19	 Covent Garden	 3043	 8099
20	 Thomey Island	 3022	 7962
21	 Clerkenwell	 3166	 8215
22	 Rothertiithe	 7600	 7950
23	 Uxbndge	 0559	 8404
24	 Redcross Way	 3225	 7980
25	 Spitalfields	 3348	 8185
26	 West End	 2790	 8100
27	 lslington	 3080	 8390
Table 12. Sites shown in Figure 26
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Figure 28. Reconstruction of Londinium in the 2 century AD, drawn by David
Bentley
The hinterland appears to have been used mainly as a farming landscape in order
to support the city, not solely for staples such as grain, but also the woodlands on the
London Clay appear to have been managed to supply the vast quantities of timber
required to build the city as well as fuel it, fuel industries such as ceramic production and
build vessels such as boats and carts. There is some evidence for formal land division,
whilst many settlements were located at the junctions of differing geologies in order to
lake advantage, for instance of the gravel terraces for cereal production and also the
adjacent floodplain for pasture. Again, the Heathrow area provides some of the best
examples of contemporary farmin& such as Wall Garden Farm (6 in Figure 26), where
several corn-drying ovens have been found, in addition to the field systems (MoLAS
2000, 152). As well as fanning settlements, a series of villas are known, most of them at
least fifteen kilometres from the city, mainly to the south, for instance at Beddington (7 in
Figure 26) and Keston (8 in Figure 26), both of which have Iron Age precursors and were
traditional winged corridor types with adjacent bathhouses.
The Roman period saw the first major occupation of Southwark, directly across
the Thames from the main city, south of the presumed location of the bridge. It may have
been this location at the bridgehead and along the Roman road leading south to the
Roman city at Canterbury (Durovmum) that led to the intensive settlement of
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Southwark. The major focus of the suburb is along the line of Watling Street (now
marked by Borough High Street, 9 in Figure 26) and along the waterfront. The south
bank consisted of a series of sand islands or eyots with navigable inlets, which reduced the
amount of land available for settlement, and signs of reclamation have been observed.
Buildings have been recovered from the excavations along Borough High Street
(particularly the Northern Line ticket hail site, Drummond-Murray Ct a!. 2002) and at
London Bridge (10 in Figure 26) predating the Boudicaii revolt, indicating that Soutliwark
was settled either contemporaneously with or immediately after the foundation of
Loiidiniuin itself. Southwark was also rebuilt and extended, post-Boudicaa. Borough
High Street appears to have become the focus of a bustling commercial centre with a wide
range of shops and businesses (Drummond-Murray Ct al. 1998, 18). Further away from
Borough High Street, large stone buildings have been discovered which are possibly town
houses of wealthy individuals or prestigious public buildings. As yet, the mechanism
leading to the decline of Roman Southwark is not fully understood. It is likely that the
suburb decayed along a similar pattern to that experienced by the main centre of
Londinium, which appears to have been gradually abandoned in the later part of the fifth
century after Roman military protection was withdrawn after AD 410, (Esmonde Cleary
1989, 137).
The Saxon period (AD 410-1066)
The Saxon period sees a major change in the form of occupation of London. Initially,
there is no firm evidence for what occurred after the removal of 'official' Roman
involvement. Occupation carried on; but without protection against the European raiders,
the cosmopolitan city life could not continue unchanged. The city is likely to have been
gradually abandoned, with a concentration of settlement in the smaller, more defensible
towns/villages and also the villa estates. There is only one historical record of London
from this period, and the text is from the much later Anglo-Saxon chronicle (Swanton
1996). This cites the mutiny of Heagict and Hoisa and the subsequent battle at
Cre8ranford (Crayford, 11 in Figure 26) when Hengist forced the Britons to retreat to
Londiniuzn.
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The archaeological record indicates that by the end of the 5th century, much of
eastern England was under Saxon rule. In the London region, the early pagan Saxon
occupation took the form of small, isolated villagcs. There is no evidence for re-
occupation of Londinluin. These villages may have been centered within political
territories and have been found in areas such as I-Iammersmith (12 in Figure 26),
Croydon (13 in Figure 26), Kingston (14 in Figure 26) and I-Iarrnondsworth (15 in Figure
26). These early settlements tend to consist of series of timber structures, including large
halls and smaller sunken-featured buildings. Field systems are often found as well,
particularly well represented in the Harmondsworth area (Cotton et al. 1986) and also at
Tulse Hill, Croydon (16 in Figure 26). There is very little evidence that these settlements
were defended, although there is one possibility at Fuiham (MoLAS 2000, 179, 17 in
Figure 26).
With the advent of the Christian era, London gained prominence as the primary
see of England, with the appointment of Augustine as Archbishop in AD 601. Bede
(Colgrave and Mynors 1969) records the commencement of construction of St Paul's (8
in Figure 27) in AD 604 on Augustine's orders. A temporary upset occurred with the
rersion of the Kentish peoples to paganism, which involved moving the see to
Canterbury until approximately AD 653. The first evidence for London re-emerging as a
city comes with a charter of AD 672-4 of Frithuwold of Surrey, who described himself
sub-king (Whitelock 1955). The charter identified the 'port of London' and certainly by
this period there is archaeological evidence for the initial occupation along the Strand (18
in Figure 26), but also the expansion into modern Covent Garden (19 in Figure 26) of the
Saxon port and trading centre. This was described by Bede (Colgrave and Mynors 1969,
142) who identified it as an emporium '[or many nations who caine to it by land and ea
The date of foundation is not exactly certain, in fact the site of Lundenicic1ias
only been known since the late 1980's following significant re-development of the area
around the Strand and Covent Garden (Whytehead, Cowie et al. 1989). The waterfront
close to the strand appears to have been the first to be occupied, with the settlement
extended along the line of the northern road to encompass modem Covent Garden. It is
from the recent excavations under the Royal Opera House in Covent Garden (see Figure
29 below) that the most accurate dates for the foundation of Lundenrvic come (Malcolm
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and Bowsher 2002) with high precision radiocarbon dates suggesting that the area was
occupied from at least AD 640. The settlement would have compared to Londiniwn as a
barn to a palace. The excavations have shown that structures of timber and daub almost
certainly with thatched roofs were separated by paths and roads of rammed gravel and
general detritus, with yards and open areas cut by vast pits containing more detritus
(Malcolm and Bowsher 2002). Amongst these structures, industrial areas for
metalworking, textile production and tanning have been found. No public buildings have
been identified, no temples, baths or theatres. This could be a factor of the relative
insignificance of Lundenwic when compared with other towns such as Ipswich or
Southampton, or could simply be typical of the Anglo-Saxon way of life.
Figure 29. Excavation at the Royal Opera House showing surfaces slumping
into earlier pits
The occupation of Lundcniccame to an end in AD 886 when King Alfred
instructed the community to re-locate within the walls of the ancient city, to afford
themselves protection from the Scandinavian raiders who had taken power from
sometime in the 8 70's (Blackburn and Dumville 1998, 122). It is from this period that the
defended settlement of Lundcnburh came into being, with the final defeat of Luadenwic
and the development of the City waterfront in the Thames Court in Figure 27) and
Queenhithe area (Ayre et al. 1996, 10 in Figure 27). The nature of occupation does not
seem to change dramatically from the time of Lundenwic Trade and exchange seems still
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to have played a large part in life, with domestic and industrial clay and timber buildings, a
timber waterfront and quaysidc, roads, alleys and yards; only now the settlement was
(lCfCfl(IC(l.
A relatively quiet period ensued, identified as an Anglo-Scandinavian phase in
London's history. The occupation extended within the City, with distinctive artefacts and
even structures identified from excavations at 1 Poultry and also under Guildhall Yard
(Baternan 1997); these latter taking the form of timber and turf structures with an attached
cemetery. There was also a comparable burh established over the river in Southwark. A
brief period of rebellion occurred in the 11th century and subsequently, London came
entirely under Danish control.
The medieval period (AD1066-1538)
From this date, the town expanded along the major routeways, most notably with the
development of Thomey Island, modem Westminster (20 in Figure 26), which became
the royal and political centre ('Thomas Ct al. forthcoming). Furthermore, Southwark also
expanded significantly owing to the increased traffie to and from southeast England. As
well as the royal, administrative and religious buildings of Westminster, a great many
houses and shops also sprung up in order for people to be close to the seat of influence.
The growing significance of London can be further seen by the number of religious
houses and churches that were built in the early medieval period. These perhaps are
amongst the most studied aspect of medieval London, potentially as a result of the wide
range of evidence, including documentary and cartographic as well as archaeological. A
number of these have now been studied in detail and have included a range of orders,
such as Augustinian (Thomas et a!. 1997), Carthusian (Barber and Thomas 2002),
Cistercian (Barber et al. forthcoming) and Cluniac (Steele forthcoming). In addition to the
uiformation gained on the lives of the religious communities and those buried within their
cemeteries, study of the outer precincts of priories such as the Hospitaller preceptory in
Clerkenwell (21 in Figure 26) shows the wealth of craft undertaken within the environs of
these establishments, including dyeing, tanning and homworking (Sloane and Malcolm in
prep).
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In addition to the fifty-plus religious houses that were constructed, London also
saw a series of palaces built for royalty, such as FAward III's palace in Rotherhithe
(Blatherwick, in prep, 22 in Figure 26), to the palace of the Bishops of Winchester in
Southwark (Seeley, in prep). Manor houses began to spring up in the hinterland, the
majority of which were north of the city. Not all of these were attached to farming
establishments, howevcr, that was the general trend. In addition to the manorial estates, a
network of villages and small towns developed as areas of supply for the city and as
market towns in their own right. These included places such as Croydon, Uxbridge (23 in
Figure 26), and Kingston, where the archaeology is becoming clearer as a result of
increased excavation. London also drew on towns from further away for supplies, such as
Henley, which provided grain (MoLAS 2000, 21.3).
The post-medieval period (AD 1538-1800)
The actual division between the medieval and post-medieval periods is often debated and
assigned to different dates, all of which have some merit. The date taken here is that of
the dissolution of the monasteries because this led to a significant change in land use, the
appearance of the city as well as the less physical changes in power and politics that
accompanied the removal of the religious houses and the creation of the Church of
England and the elevated role of the monarch. The end date is fairly arbitrary although
recent projects have certainly researched deposits post-dating 1800, for instance the study
of the paupers cemetery at Redcross Way, Southwark (Brickley et al. 1999,24 in Figure
26).
By this period, the city was extensive, having mulled and developed along the,
major routes out of the centre, beyond Westminster (see Figure 31), Spitaffields (25 in
Figure 26) and also to the south and the modem West End (26 in Figure 26). The
emphasis was more intensively focused on domestic and mercantile acconrmodation,
rather than a city spruikled with major bc/such as the religious houses and the royal
palaces. The nearby villages had also become more extensive and were now more
suburbs merging into the central zone rather than completely separate entities. These
include areas such as Islington (27 in Figure 26) and Kingston. Much of the evidence
from this period remains in the form of standing buildings, particularly of the post-Great
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Fire period. These include obvious public buildings such as Westminster and the
Guildhall. In this respect, the study of post-medieval London is undertaken through a
variety of means, including cartographic and the Survey of London (Stow 1603).
Unfortunately, much of the archaeology has suffered by its proximity to the modem
ground surface, i.e. the Rose Theatre (see Figure 30), as well as a lack of interest in a
subject only recently fully accepted as an archaeological subdiscipline. As yet, the
evidence from the archaeological record is only a small contributor to the overall picture
available as a result of the other sources.
Figure 30. Reconstruction of the Rose Theatre, from Bowsher (1998)
Summary
The occupation of London has moved from the brief halts of mobile bands leaving an
infinitesimal imprint on the landscape, to the inhabitants of a highly complex cityscape
composed of buildings ranging from the vast and imposing to slum tenements. The
archaeological record reflects this intensification, in that the difficulty of accurately
reconstmcting and interpreting prehistory is well understood as are the bias' inherent in a
region where the historic core has been the favoured area of research. Fortunately, these
problems are being addressed and will expand the information of these neglected
periods.
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Figure 31. Section from the 16th century Agas map showing the expansion of
the City into Westminster
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The balance of study varies dramatically from the Lower Palaeolithic through to
the post-medieval periods. It is, as yet, practically impossible to make any kind of
interpretation beyond the very basic functional level for the Palaeolithic. The detritus left
behind by the hominids and early humans is so scanty that it is not possible to do
anything other than describe and occasionally classify the material as 'production'
'hunting' or 'base' camp debris. Sadly, the early prehistoric evidence is from a wildly
biased dataset; much of it collected by antiquarians, often bought from dredgermen or
gravel diggers who are likely to have concealed the true origin of the finds in order to
protect their site and who only collected intact and large pieces (Cotton 1999). The
remainder of the dataset has been collected by scientific excavation, but forms only a very
small proportion of the total. Fortunately, at this date, topography and climate change are
likely to have been enormously influential factors in peoples lives. It is much more
possible to undertake detailed research in the field of landscape archaeology in this
period, rather than on the artefacts themselves. The dataset is still restricted; limited to
relatively few well-preserved sequences, (generally from the interglacials), nevertheless,
more sites will be acquired over time, as a result of better legislation and the current
renewed interest in environment and early human evolution. There are better datasets
from the Holocene, with a much more representative and more scientifically studied
resource. Additionally, the 1-lolocene archive tends to have been created more recently,
and consequently is better cared for, with records and finds available for re-examination.
In the more recent past, environment and climate are seen as less important
determining factors affecting human existence. This is very obviously a result of the less
extreme changes in environment present to date in the Holocene in combination with the
development of material culture and social evolution. This may be seen particularly with
the advent of ceramic and metal teclmologies and the necessary social structures that
would have been required to initiate monument construction and communal farming.
The importance of understanding the interplay of social structure, development of
technology, material culture and ritual beliefs and practices has dominated the
archaeology of the Holocene, relegating environment very much to a simple and basic
backdrop to culture. Arguably, this has perhaps gone too far, where the school of post-
processualism has demoted factors other than cognitive to the scrapheap. And yet, in
London, the river at least has played a key role in the development of the historic town.
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'The balance between social theory and environmental reconstruction has yet to be struck,
but it is gradually being worked towards in the archaeology of London.
The changing level of the rivcr is likely to have been of significance in the
prehistoric period particularly. This is from a conceptual point of view, in that the
movement of water on tidal scales may well have been considered an extremely strange
phenomenon. This depends very much on the migration routes of the peoples in
question, nevertheless, the relationship of river and sea may not have been fully
understood, and therefore, the movement of the tide upstream may well have caused
some disquiet and thoughts of magic. An example of this may have recently been noted at
VauxhaJl (Sidell, Cotton et al. 2002) where a possibly ritual structure has been recorded,
with a placed deposit of two spearheads. The structure dates to the mid Bronze Age, at a
time when tidal waters were moving through this area. On a more practical level, it is
apparent that the margins of the floodplain were used for a variety of purposes and
therefore, loss of land would have been inconvenient at the least It is unlikely that it
would have happened at a speed that meant it would not have been possible to make
changes to settlement patterns, but the loss of regular field systems, such as those in
Southwark would almost certainly have been awkward. The requirement to move the
Roman waterfront on the north bank of the Thames is likely to have been rather more
than simply awkward in that it would have been a major piece of construction. The
adaptation to changes required by the movements of the river is a fascinating piece of
research.
In terms of archaeology, no other English estuary can boast the same intensity of
occupation. This is very obviously owing to the presence of historic London and the
hinterland. Nevertheless, the prehistoric occupation in the Thames is also substantial,
demonstrated by recent fieldwork. It is comparable with the prehistoric occupation of the
Severn (Allen 1996; Allen and Rippon 1997; Bell and Neumann 1997; Bell, Caseldine et
al. 2000; Rippon 1997) and the Humber (e.g. Van de Noort and Ellis 1995; Van de
Noort and Ellis 1998) and therefore the importance of developing an understanding of
sea level change is directly relevant the study of human occupation in the Thames Valley.
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Chapter 3. Methods
3.1 Introduction
This section outlines the methods used in the primary analysis undertaken for this thesis.
The techniques are discussed alongside the reasons for selecting them. This is not
exhaustive as the techniques arc not new and have been extensively detailed elsewhere.
3.2 Sample recovery
This section outlines the methods of data collection and the analytical procedures. All
sites were sampled either by face section sampling (see Figure 32) or through the
collection of U4/lOO samples using a cable percussion rig. 'Where face sections were
available, samples were collected from the most representative location of the overall
stratigraphy. All contaminated or anomalous areas were avoided. Monolith tins were used
to collect undisturbed samples through the sediment stack. The tins were constructed of
stainless steel, with dimensions of 500x5Ox5Omm. These were lined with plastic drainpipe
to enable removal of the core from the tin. All samples were overlapped in order to
ensure complete recovery. Tins were marked with the sitecode, i.e. WW-PS94 at North
Woolwich pumping station. Other information marked on the samples includes the
number of the tin within the sequence, the top, bottom and overlap with adjacent tin(s).
These samples were then recorded on section drawings and leveled to Ordnance Datum
(OD). They were then carefully cut away from the section, wrapped in plastic and sealed
for safe transport. When not cleaned and described immediately, they were placed in cold
storage, kept at approximately 3 centigrade. The coding assigned to each site is the unique
identifier ascribed by either the Museum of London or Newham Museum where the site
archives are held for consultation and also at the GLSMR at English Heritage (EH).
Unfortunately, the majority of the cores are no longer extant as they were discarded by the
Museum of London.
Bulk sediment samples were taken adjacent to the series of monolith tins. These
were collected for a variety of techniques, such as radiocarbon sampling. The
methodology for collecting these varied slightly from site to site, but generally followed a
consistent pattern. The section was deaned and recorded and samples were incrementally
cut from the section and placed into sample buckets or bags. All potentially contaminated
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and anomalous areas were avoided. The samples were collected in a consecutive
numbered sequence, controlled by volume. This was generally 300x300x5Omm. Samples
were double labeled and stored cool until required. Collection by volume rather than
weight is preferable, owing to the varying densities of the sediment types encountered
(Evans and O'Connor 1999, 121; English Heritage 2002).
-	 .	 I-.
..,	 ..'	 .
Figure 32. Face section sampling using monolith tins
U4/100 samples were collected using commercial drilling rigs. Samples were
collected as continuously as possible, with all cutting shoe samples retained as semi-
disturbed samples. The U4/100 samples were extmded using a mechanical device and the
samples transferred from the U4/100 tubes to split terrain pipe, labeled at the top of each
sample, wrapped in plastic and transferred to cold storagt. Following sedimentary
description the monolith and U4/100 samples were used to provide additional
subsamples; 10mm thick subsamples were cut using clean scalpels and knives for loss-on-
ignition, magnetic susceptibility and diatom analysis.
Several problems exist with these types of sample collection. Cable percussion rigs
can provide samples from deep sequences, which are not always accessible on
archaeological sites. However, the method can lead to both compaction of non-plastic
sediment such as peat and also stretching of the more plastic deposits such as clay. This
can obviously cause problems when reconstructing altitude and sedimentation rates.
Nevertheless, this is likely to be relatively insignificant when compared to the overall
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compaction occumnng within the SCqUCfl(C Since dcposition. On the whole, sampling with
monolith tins is generally preferable. The sections are visible; they can be studied and
drawn before the sample location is scicctcd. Also, the sections can be properly surveyed
and leveled, which is much more dillicult with a borehole. The only real drawback is that
standard size monolith tins do not proviole large enough quantities of sediment for the full
range of techniques to be applied.
3.3 Sedimentology
All sediments retained within the sample tin/terrain pipe were cut down to create a flat
face and cleaned horizontally using a scalpel to avoid smearing. The sequences were then
described from the base of each sample up, starting at the base of the sequence and using
the Troels-Sinith (1955) system of sedimentary classification (see Figure 33). The system
was slightly modified to allow colour to be ascribed using the Munsell system and to allow
additional comment for extended description of aspects such as the nature of the contacts
(Jones 1999, 29), which, within the confines of the system as it stands can only be
numerically coded. Data were entered onto proTon-na sheets and subsequently transferred
to a Microsoft EXCEL spreadsheet (see Figure 34). These logs are present in appendices
1-7, where the sequences are also described in summary form, identifying peats, mineral
sediment and organic mud. This last term is used to refer to sediment, which is a mixture
of degraded organic matter, and silt clay, but is neither a peat nor pure mineral sediment.
These units are commonly found within sequences of waterlain sediment and can
represent a number of distinct depositional environments. Organic mud is often termed
gytjja. The Troth-Smith system was selected for several reasons. Although archaeologists
do not use it, it is extensively used within the earth science community and therefore it was
appropriate to produce the collected data in a form accessible to other workers who may
have an interest. Furthermore, owing to the coding and use of 'Latin' nomenclature, it is
an international system (Long et al. 1999). An additional point in its favour is the detail
required for description of organics; many of the sediments reported on in this thesis are
wholly or partly organic and therefore, once again, the system displays advantages over
others which are not so rigorous.
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USE OF THE TROELS-SMITH SYSTEM OF SEDIMENTARY CLASSIFICATION
The system Is used to characterise sediment, and can be divided into physical characteristics, the component parts arid
degree of humiflcation. These are all defined and applied through a scoring system. Additionally symbols exist for graphical
presentation of the sediment types. These are not shown in this guide and the 1955 paper should be referred to.
PHYSICAL CHARACTERISTICS
Scores of between 1 and 4 can be obtained for each characteristic, with 0 (no demonstration of characteristic) and 4 (total
demonstration of characteristic). Scores of 1-3 are intermediate (quartile stages).
DEPOSIT COMPONENTS
A total of 4 can be scored for components. This can be one component forming the total and therefore obtaining a score of
4, or several components all scoring between 1 and 3 to a total of 4, e.g. Th 2 Dl 2. Components scoring less than 1 (i.e.
less than a quarter of the component elements are marked as +. Indications of the types of vegetation present can be
described by inserting and abbreviation in parenthesis after the code for the component, e.g. Tb 4 (Spha.) (Sphagnum
peat), or Th 4 (Phra) (Phragmites peat)
Hisnicity - humositas - the degree of disintegration of organic component/structure
Scored 0-4	 0-fresh structure 4plant structure absent of barely discernible plant structure.
The score is applied (in superscript) to the organic deposit components, i.e. a fresh moss peat with no other component
elements would score Tb° 4, while a semi degraded moss peat would score Tb2'4
COMPONENTS
Substaitia humosa completely disintegrated or nearly disintegrated organic substances or precipitated humic acids without
macroscopic structure
Tu,fa	 mosses and roots of woody or herbacea.is plants (includes the rest of the plant if attached to the roots,
demonstrates macroscopic structure. DMded into:
[Tb I Turfa bryophytica	 I Moss
Detritus	 fragments of the superterreenean pails of plants >1.0mm. Divided into:
I D	 I Detritus granosus	 I fragments of ligneous arid herbacecus gIants <2mm
Limus	 mud like homogeneous non-plastic deposit. DMded into:
Ld	 Limus detrituosus	 Homogeneous scsI
Lso Limus siliceous	 skeletons of plants or animals, e.g. diatoms (use comment field if
non-indurated homogeneous sod consisting of C
iron oxides. If nodular and >0.1mm classified as
Ai,lla	 mineral particles or <0.06mm
Grana	 solid particles >0.06mm, mineral or
I Ga I Grana arenosa	 I 0.0€
m
Accessoy element, i.e. artefacts, molluscs should be listed in the appropriate field
Figure 33. Code sheet used to complete the Troels-Smith proformas
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Magnetic Susceptibility
Magnetic susceptibility was selected as an analytical methodology to assist with
characterization of the sedimentary sequences. This type of analysis is becoming more
commonly undertaken through sedimentary sequences on archaeological sites (Allen
1986, 1988, 1990) as a means of assessing human effect on sedimentation through, for
instance, burning (Bcllomo 1993), agriculture (Lageras 1994), in addition to providing
infonnation on the presence of palacosols/iron pans arid pedogenesis (Thompson and
Oldfield 1986). These lead to modification and cithancement of the 'natural' magnetic signal
present in soils and sediments. Therefore, modified soils or sediments will be distinct from
those that have not., and this difference can be easily observed by measurement of the
magnetic properties (Walden Ct al. 1999,5). Close interval measurement of sedimentary
sequences can indicate whether specific events have occurred, or whether the sequence (and
presumably site/local area) has remained unchanged over the period in question. Although it
is more often used as a geophysical prospection tool within archaeology (Clark 1996a
Engjish Heritage in press), its value in attempting to locate human activity through time as
reflected in deep sequences is becoming more widely known (Walden Ct al. 1999,218-9) and
is now an important technique for the classification of sedimentary sequences in
archaeological contexts. Recent examples include the work of Crowther (2000,57) at
Goldcliff in the Severn estuary and at Overton Down (Clark 1996b, 118).
The subsamples obtained from the selected cores were initially air dried at
temperatures of <40°C. This temperature requirement was in order to avoid affecting the
magnetic properties of the sample, which can be modified if exposed to temperatures in
excess of 40°C. These were then manually ground in a mortar and pestle, sieved through a
2mm mesh and placed into weighed (to two decimal places), numbered lOci plastic lidded
pots. The pot, lid and sample therein were re-weighed. The analytical procedure then
followed that of Gale and Hoare (1991, 204-220) for low frequency (f) measurement,
using a purpose-built Bariington MS2 magnetic susceptibility sensor and meter. Prior to
each run of samples (generally fifteen samples), the meter was zeroed. An air blank was
measured for ten seconds; these do not generally register zero, owing to factors such as air
movement, temperature swings and machine drift. Following the air blank, the sample was
placed in the meter, and measured on low frequency for 10 seconds. The sample was
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then removed and a further air l)lank was taken. The 'drift' factors may continue to
operate whilst the actual magnetic susceptll)ility sample is being measured; hence the need
for two blanks before and after ihc actual measurement is taken. These were then
combined and a mean calculated with the result being deducted from the actual magnetic
susceptibility reading. The calculations also standardized all samples to a consistent weighL
On completion the data were transferred to Microsoft EXCEL to calculate mass specific
susceptibility (f) and to facilitate graphic presentation. The graphs may be found in
appendices 1-7.
Loss-on-ignition
Loss-on ignition was also selected as an analytical method to assist with the
characterization of the sedimentary sequences. Although a simple technique, loss-on-
ignition may be a highly accurate way of tracking change in processes leading to
sedimentation and fluctuations in the depositional environment such as peat beds (Mills
1994) and coastal and estuarine sequences (Zong and Horton 1998). With deposits such
as those encountered for this thesis, it is particularly useful where the sedimentary
architecture is comprised of intercalated organic and minerogenic sequences. The
resultant data can also be used to examine the sequence for unconformities and hiatus'
where rapid changes in organic content may be a result of erosion. As with the magnetic
susceptibility, recent examples may be found at Overton Down (Crowther 1996, 112) and
Goldcliff in the Severn estuary (Crowther 2000,57).
The subsamples that had been used for the magnetic susceptibility measurements
were subsequently used for the loss-on-ignition measurements. lliis was done in order to
determine organic carbon content as a proportion of total sediment mass. Loss-on-ignition
procedures followed that recommended by Gale and Hoare (1991, 262-4). The samples
contained within the plastic pots used for magnetic susceptibility were transferred to
weighed (to two decimal places), numbered porcelain crucibles. These with the sample
were re-weighed and then fIred in a Carbolite muffle furnace at 550°C for four hours. The
crucibles and remaining sediment were re-weighed. The weight loss was expressed as a
percentage of the original sediment and provides detail of the original organic carbon
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content. 1)ata were entered, manipulatc(I and illustrated graphically using Microsoft
EXCEL Thc graphs may be found in appendices 1-7.
3.4 Radiocarbon dating
Radiocarbon dating has been used to establish the chronologies for the major sites in this
project where there has tended to be an absence of archaeological features owing, in part
to the criteria used for site selection. Therefore, it was not possible to date them using
established archaeological methods such as artefact typology (Renfrew and Bahn 1996,
116-118) or dendrochronology (Baillic 1997). Subsamples containing organic material
were either taken from bulk samples or split from the monolitWU4 samples for
radiocarbon assay. The radiocarbon method has been published in detail (for instance,
Aitken 1990, 56-1 19), and elements of it are constantly being refined, for instance the
calibration curve (see Sniivcr Ct al. 1998).
Radiocarbon is a particularly gnod radiometric dating technique for the 1-lolocene.
The method relics on the presence of different, but measurable, isotopes of carbon
occurring within eveiy living organism. It is the presence of the different isotopes that
makes the method possible as it is the ratio of 4C (radiocarbon) to ' 2C and IaC that is
measured. ' 4C (the unstable, radioactive isotope) decays at a known rate (the half-life)
whilst the other two remain stable. Therefore, by measuring the proportion of '4C to '2C
and ' 3C it is possible to determine when the organism died. The half-life of '4C is currently
determined as 5730±40 years (Godwin 1962). However, it was previously identified as
5568±30 years (Libby 1955) and this has been accepted as the standard for calculation of
measurements in order to maintain consistency of results measured before 1962 (Lowe
and Walker 1997, 240-247).
There are a series of assumptions, (all of which are subject to challenge) on which the
technique is underpinned. These are:
+ That the measured decay rate i accurate
• That "Chas been aiaiiabk through the geoIo,ica1/arthaeo1ogical record
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• That the ratio of'4Caiid '2Chas remained slab/c bctwccn thc atmosphere and the
bio//iydrosphcrc,
•:• That no '4C ha.s hccii rc-ñitroduced iiIo the oianicin si'ice it died
These are generally accepted as giVen, although, as identified above, the half-life
has been re-measured once, furthermore, issues with ' 4C re-entering the organism through
dissolution and mobilization of calcium iii which organisms have been buried have also
been raised. More critically, research initially undertaken by de Vries (1958) showed a
discrepancy in pro(luctlon of ' 4C, which, through dcndrochronology indicated that
radiocarbon years can differ significantly from calendar years and this becomes
particularly marked the further back the measurements go.
Following on from the issues associated with the technical assumptions come
problems associated with the samples themselves. As mentioned above, the technique
dates the death of the organism being submitted for assay. This may not have occurred at
the same time as the event/structure being dated, i.e. timber being used for a prehistoric
round house may have come from a tree which died many years previously and has been
re-used from earlier buildings. Wood may also have drifted within a river system for many
years before being Imally incorporated into a sedimentiuy sequence, whilst smaller
organisms such as mollusc shells may have eroded from earlier deposits. As well as lateral
displacement, there may be vertical movement of biological material, such as the
downward penetration of roots, which, if measured, could lead to dates given to horizons
in the sequence being 'too young'. All these issues such as problems with '4C ratio
fluctuations in seawater mean that samples must be selected with great care and that all the
issues must be borne in mind when interpreting the data, analyzing sequences, events and
consequently sites.
A combination of conventional radiometric, extended counting and Accelerator
Mass Spectrometry (AMS) techniques has been used in this research. Conventional
counting is undertaken by counting beta particles emitted from the samples, which are
present as specific decay products. This is done either through conversion of the samples
to bcnzenc (liquid scintillation counting) or conversion to carbon dioxide, methane or
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cthylcnc (gas proportional counting) (IAwc and Walker 1997, 241). Extending counting
simply allows the sample to l)C measured for a greater length of time, and is done in cases
where the sample had a low carbon yield. AMS dating is generally undertaken on very
small samples and uses a mass Spectrometer to count "C, ' 3C and ' 2C atoms from a sample
that has been converted to graplute, which is bombarded with caesium ions, deflecting the
14,-, r	 13,,	 1 12irom Inc '. an(1
Measurements undertaken by these various counting methods result in age ranges
presented in radiocarbon rather than calendar years. These are not the same length and
initially this was not comprehended, therefore early measurements were thought to be in
calendar years. The problem is associated with fluctuations in atmospheric radiocarbon,
which is not consistently present within the atmosphere and therefore take-up by living
organisms is also inconsistenL The most spectacular demonstration of this came with the
advent of atomic bombs, which injected radiocarbon in enormous quantities into the
atmosphere, completely destroying the 'natural' ratio of stable: unstable carbon isotopes.
This subsequently led to the introduction of a cut-off date of 1950 in radiocarbon analysis.
The difficulties were resolved through tree-ring dating. A calibration curve (see Stuiver Ct
al. 1998) for the latest version) has been constructerd using dendrochronology to calibrate
samples with known radiocarbon values. This means that measurements given in
radiocarbon years can be matched to the curve and a date range in actual calendar years
may be read from the curve. Although some researchers prefer to work in radiocarbon
years, chronologies are only understandable when calibrated owing to the fluctuating time
depth within sequences in radiocarbon years.
Beta Analytic Inc., Miami, measured all samples from thc analyzed sites with the
exception of the AMS dates, which were measured at Kie[, Germany. Full references are
given in the text and appendices. The results presented throughout the text and
appendices are conventional radiocarbon ages (Stiuiver and Polach 1977) and are quoted
in accordance with the international standard known as the Trondheim convention
(Siniver and Kra 1986). The dates used in this thesis have been calibrated with data from
Stuiver et al. (1998) using OxCal (v. 3.5) (Bronk Ramsay 1995; 2000). The date ranges
have been calculated according to the maximum intercept method (Stijiver and Reimer
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1986) an(I arc cited in the text at two sigma (95% confidence). rIhcy are quoted in the
form recommended by Mook (1986) with the end points rounded out to 10 years.
3.5 Biostratigraphy
Diatom analysis
Diatoms arc unicellular algae abundant in all aquatic conditions. They were selected as the
key microfossil group which could be used from the site cores to auempt to reconstruct
local environmental conditions and be most appropriate to address the question of marine
influence upon the sites and environments under stndy (see Mannion 1987; Juggins and
Cameron 2000). Diatom analysis is generally used by sea level researchers to fullill the
criterion of biological indicator required to construct index points (Tooley 1978b; Horton
and Edwards 2000). Diatoms were used by Devoy (1979); other researchers using diatom
analysis on the Thames includes Boyd (1981), Milne et al. (1983), Battarbee (1988),
Juggins (1988, 1992) and Cameron (in Sidell Ct al. 2000). This has included work on sea
level reconstruction, salinity transfer functions and also historic pollution. The other key
proxy indicators are foraminifera. These have been used as biological indicators by many
other sea level researchers (Edwards 1998; Edwards and Horton, 2000; Horton and
Edwards 2000; Uoyd 2000; Shennan et al. 2000). Nevertheless, diatoms were selected for
this research in order to be able to make valid comparison with extant research in the
Thames. Furthermore, there is a school of thought that suggests results from diatoms may
provide more useful results than foraminifera (Charman et al. 1998; Gehrels et al. 2001).
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Figure 35. The estuarine diatom Cocconeis placentula
Diatoms are composed of a silica frustule fonned of two overlapping valves held
with girdle bands. Identification is based mainly on the surface morphology and
sculpturing on these valves (Round, Cmwford et a!. 1990). There are problems associated
with the use of diatoms as proxy ecological indicators, induding highly variable
preservation between species and sediment types, poorly understood taxonomy and
taphonomy of fossil assemblages. Key examples of research using diatoms to assist in the
reconstruction of RSL change in England include Shennan (1980, 1982) in the Fenlands,
\Long (1991, 1992) in the east Kent Fens, Kirby in the Humber estuary (Kirby 1999) and
Cameron and Dobinson in the Severn (2000,262). The ecology is complex with a range
of habitats colonized by different diatom types. Their classification by habitat types
(Anderson and Vos 1992) include:
+ planktonic - in freelymothig water,
+ epfrhytk - attached to submerd plants.
+ epiosarnmic - at/ached to mtherd sediment such as sand,
•:• epipclic-dweilsinmud
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+ epilithic - attached to rocks
+ aerophilious - in occasionally (in/pools and saitinarshcs
Preparation followed standard proced urcs (Battarbee 1986). Cleaned solutions
from each subsample were evaporated on 2 covcrslil)s at differing concentrations and were
mounted in naphra.x. Slides were examined using Nikon and Olympus research
microscopes with phase contrast illumination at a magnification of xl000 or x1200.
Identifications were made using the collection of diatom floras and publications lodged at
the sea level research unit, I)cpartment of Geography, University of Durham, the
Environmental Change Research Centre (ECRC), IJCL and the Institute of Archaeology,
UCL These floras included (Van der Werif and Huls 1957-1974; Hendey 1964; Barber
and Haworth 1981; Snocs 1993, 1994 and Hartley 1996).
Specific identifications were made wherever possible, with identifications to genus
otherwise. Only whole or almost complete valves were counted; half counts were not
made. As diatoms are being used as a tool to assist in the construction of index points and
identify the nature of environmental change at stratigraphic boundaries, minimum counts
of 200 valves were made (Batlarbee 1986) rather than the higher counts recommended for
complete botanical analysis. Some samples were not considered countable, owing to a
dearth of valves; in such cases, the few identifications that were made have been included
on the spreadsheets, along with the number of traverses taken to achieve them.
Taxonomnic nomenclature follows Hartley (1986), although some variations in
nomenclature have occurred since this was published and the most modern, accepted
name has been taken where this is the case. Diatom species have been assigned to -
halobian groups according to the system of Hustedt (1953, 1957) in order to create
groupings that may then be used to discuss the ecology of individual samples. The
principle sources of data on species ecology used were the survey of Denys (1992) and the
groupings of Vos and de Wolf (1993). Other works used to assist with ecological
classification include (Zong 1998; Zong and Horton 1998; Zong and Horton 1999).
Diagrams have been prepared using Tilia and TiiaGraph (Grimm 1991) and were
modified at the ECRC, UCL using TRAM (Juggins 1994). The diatoms in the halobian
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IDUS uscd ni the (liagrams have optimal growth in water with salinity equivalent to the
ranges proposed by I-Iustcdt (1953, 1957) (sec Table 8).
Table 14. Halobian system after Hustedt (1953, 1957)
Pollen
The pollen assessments mentioned in Section II of thesis were carried out by Dr. Rob
Scaife and are quoted with his permission. Several assessments of pollen preservation
were undertaken as part of the standard archaeological evaluation procedure. In the cases
where pollen results were obtained, these have been described. As with diatom analysis,
there are a number of problems with pollen analysis, again mainly concerned with variable
preservation of species and within varying sediment types, particularly associated with pI-1
and moisture contcnL Furthermore, there is potential for great bias in the record resulting
from dispersal methods; the pollen of some species such as Pinus (pine) can travel
substantial distances from the place of origin whereas others such as Tilia (lime) will travel
practically no distance at all (Waller 1994b). This is of course exacerbated in situations
where pollen grains may be reworked and retransported, for instance by water.
Nevertheless, pollen analysis can be invaluable for examining ecological conditions and
landscape evolution and combined with this is the possibility of tracking anthropogeric
modification with large obvious events such as forest clearance, introduction of amble
cultivation and subsequently exotic species.
Standard techniques were applied; the monolith tins and U4/100 core were
subsampled in a manner similar to the diatom subsamples (split off in 10mm slices) at
varying intervals throughout the sequences, generally targeting the organic strata and
contacts between organic and minerogenic sediments. Extraction procedures followed
those outlined by Moore and Webb (1978) and Moore et al. (1991). Samples were
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deflocculated using 8% potassium hydroxide and coarse debris removed through sieving at
150pm. Fine inorganics were removed by micro-mesh sieving at 10pm and the remaining
silica was digested with 40% bydrolluoric acid. Finally Erdtmans acetolysis was carried out
to cellulose. 'The concentrated pollen and spores were stained with safranin and mounted
in glycerol jelly. Pollen grains were then identified and counted using an Olympus
biological research microscope with phase contrast facility at magnifications of x400 and
xl000. Throughout the text taxonomy follows Moore and Webb (1978) and Stace (1991).
The first mention of a species is translated into the common name and continued
reference is made iii Latin thereafter.
Plant macro-fossils
As with the pollen, some plant macrofossil assessments were undertaken as part of the
standard archaeological projects. Dr. Andy Fairbairn undertook this work and the data are
incorporated with his permission. Plant macrofossil evidence tends to be used in
association with other proxy indicators such as pollen and invertebrate as plant macrofossil
data is subject to a number of problems such as differential preservation, restricted
identification (only the seeds are generally identifieJ) and the more general taphonomic
factors such as representivity and integrity of assemblages.
Subsamples were taken from the bulk samples collected on site in association with
the monolith samples and were processed by washing through a 250pm sieve and then
placing in jars filled with 90% industrial methylated spirits. Seeds and other plant material
were identified under a binocular light microscope with reference to a modem
comparative collection held at the Museum of London and plant catalogues, for instance
(Berren 1981). Throughout the text taxonomy follows that of Stace (1991). The first
reference to an individual species is translated into the common name and continued
reference is made in Latin thereafter.
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3.6 Relative sea level
In order to make companson between different locations, the age/altitude points of the
individual samples were converted using the following formula suggested by Professor Ian
Shcnnan of the University of Durham. This formula has been used for the British
database of sea level index points, held iii the I)epartmcnt of Geography, University of
Durham and therefore the index points used in this thesis may be used with the British
datasct.
The formula is:
X-ALT+ID-RWL
Where:
X	 - rclative sea level
ALT - the altitude in metres OD (Newlyn) of the sample (taken as the mid point of
the sample)
ID	 - the indicative difference of the sample
RWL - the calculated reference water level (see lelow)
Indicative difference
The distance from the mid-point of the indicative range to the reference water level.
Reference water level
The reference water level was calculated according to the formulae in Shennan (1994, 54, table
5.2) using altitudes (metres OD) of MHWST and HAT taken from the nearest tide gauge
station to the sampling site in question.
Errors
The mean tide level error was calculated by application (and slight modification) of the following
formula.
X=O(A2#B2+C2+D2+IY+F2)
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\Vhcrc:
A	 the leveling error associated with the sample
B	 the sample thickness
C	 the tide level error of the samplc
D	 the altitudinal difference between the two nearest tide gauge stations
E	 the indicative range of the sample
F - the compaction error introduced during sampling and extrusion.
A. Two forms of leveling error have beeti used. During sample recovery on the trenched
OD heights were recorded on the top of the tins from either dumpy levels or total sEa
theodolites
(TSI) using local control to the Ordnance Survey (OS) National Grid. Therefore the
error was low, estimated as 20mm (± 10mm) as the çnor required on a closed
traverse on most archaeological sites in London is generally 10mm or less. Heights
calculated on borehole rig sampling are necessarily cruder, although of course they
are still recorded to local control points of the National Grid. Depths are measured
from the ground surface using a tape measure or marks on the cable of the rig;
therefore greater errors are encountered than when the samples are visible. These
sites have been allocated a leveling error of 50mm (± 25mm)
B. This is the thickness of the dated sediment and is recorded in the appendices for all
sampled sites. The mid point of the samples was used as the altitude of the sample.
C. This is the tide level error of the sample, indicated (Shennan 2000) as ± 0.lm, as
assigned in the Admiralty tide tables.
D. This was not used as only the nearest tide gauge station was used.
E. The indicative range associated with the reference water level was applied with
reference to Shennan (1994, 54, table 5.2) following assignation of a tendency code,
again with reference to this same paper.
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F. This was not directly measurable and therefore for monolith tins it has been
calculated as zero and as 5% for 1J4/l00 cores. This is a (lifficult error to calculate as
samples can indeed stretch during sampling as well as compress, therefore a constant
sinai! compaction factor has l)cCn used. It is almost certainly negligible in comparison
to the compaction undergone by the much of the sediment since deposition.
Dating
The dates used in the sea level index point (SLIP) calculations are presented as the
maximum intercept ranges. This differs from the methods used by Sheiuian and indeed
prevalent within the sea level literature, where a median point is taken and presented on
graphs with an error bar. The decision to use maximum intercept ranges was taken as this
is considered to be a more mathematically 'correct' way of presenting a radiocarbon
measurement which exists as a range in which all included years have an equal likelihood
of being the actual year the dated organism died. The use of a median point can give a
false impression.
Water levels
Reference water levels have been calculated several ways. Modem MITFWST is easily
available and has been calculated by the Port of London Authority (PLA) and is on tile
web (www.portollondon.co.uk) and in the tide tables for 2002 (PLA 2002). I-TAT is less
easily measured and mean values have been calculated by the PLA taking all readings for
2001. This is obviously complicated by the times when the Thames Barrier was raised and
these readings were taken out of the equation.
In addition to using contemporary water levels, an attempt has been made to
calculate RSL by using ancient tide levels, extrapolated from archaeological evidence, for
instance (Milne and Mime 1982, 61; Brigham 1990; Steedman et al. 1992; Brigham et al.
1996; Watson and Brigham 2001).
Calculations of medieval MI-IWST and HAT have mainly used the data calculated
by Mime and Mime (1982, 61, figure 43) for the 14th century levels at Trig Lane in the
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City of London and also the values obtained from other waterfront structures described in
Chapter 11. These values have been extrapolated to the Blackfriars Bridge tide gauge
station with no change in valuc, as Blackfriars is oniy 250m away from Trig Lane. Then
the modem altitudinal differences in HAT and MHWST between the locations of the
modem tide gauge stations have becn exlraj)olated back to the medieval values. Although
this involves several assumptions, namely that the calculation of the medieval tide levels
arc correct and that the modern variation in altitude along the estuary can be extrapolated
back in time, this approach has been deemed time most feasible mechanism for looking at
river level change and palaeotidal range.
Roman values are slightly more complex. Much more research has been
undertaken on Roman water levels and reconstructions of MHWST are available
throughout the period, which demonstrates more changeable levels than in the medieval
period. This is most recently summarized in Watson et al. (2001, 26, figure 14) (see
Figure 36) collated from extensive research on the subject (see Chapter 11, 11.3). In
order to examine changes in tidal range, the sea level index points in this work have used
MHWST for Al) 50 (the foundation of the Roman port), AD 100, 200, 300 (lowest
point) and 400 (approximately the end of the Ronian period in Britain). The majority of
sites considered by Watson Ct al. (2001) are located around London Bridge and
downstream, therefore these Elgures have been tied to the Tower tide gauge. As for the
medieval levels, the modem variation in MHWST at the various tide gauges has been
used to reconstruct the Roman levels at the other tide gauge locations.
Calculations of Roman HAT have been undertaken across the period using all
available published and unpublished data. The altitude of 0.8m OD for Roman -
Southwark calculated by Waddelove and Waddelove (1990) has been considered, but
discarded as it appears to be based on less rigorous information than that presented
elsewhere, detailed in Chapter 11. All calculated reference water levels (RWL) are based
on the information presented there, and the graph of Watson and Brigham (2001). On
the whole, the water levels have been tied to either the Blackfriars or Tower tide gauges,
depending on which is closest to the key Sites, i.e. Trig Lane to Blackfriars and Toppings
Wharf to the Tower. As with the post-Roman data, modem variations in RWL between
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the tide gauges have been cxtrapolatcd back in order to calculate MSL at points along the
estuary. The calculated levels arc in Table 15 and 16 below.
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Figure 36. Diagram of changes in water level, from Watson et al. (2001, 26, figure 14)
It is acknowledged that this approach is subject to a number of assumptions any of
which could be inherently unsound, making these figures unreliable. First amongst these
is tying the working surface of the quays to HAT. This is a good working principle, but is
not necessarily true in all cases. The waterfronts built by centralized government are likely
to have been more sturdily and efficiently built than those thrown up by the tenant In the
latter case, there may have been less attention paid to the occasional flood. It is, in fact,
impossible to establish the exact indicative meaning of each quay and this is why the most
likely estimate must be made in order to proceed with the analysis. A second problem
122
Section I
	
3. Methods
comes with the structures themselves. In many cases they have survived complete, but this
is not always the case. Some iiicoinplctc quays have l)cCn reconstructed and the altltU(le
of the working surface estimated. This could, therefore, be providing misleading
altitudinal data. Nevertheless, the altitudes arc based on a number of examples and not
solely incoinpletc ones. The next problem comes with the timing of events;
dendrochronology is a good indicator, flOflC better exists at present, but the question
really is, what was the response rate of the population to river level diangeP If this was
more thaim a year or so, then the fine-tuning of the chronological calculations will be at
faulL
* Values for HAT were calculated by the PLA using all readings for 2001 and are presented as
the mean value for each tide gauge
Table 15. Reference water levels (HAT) at some of the Thames tide gauge
stations, both modern and 'ancient'. All values are in metres OD
Table 16. Reference water levels (MHWST) at some of the Thames tide gauge
stations, both modern and 'ancient'. All values are in metres OD
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Oncc the archaeological figurcs havc been produccd, further possibilities creep in.
As mentioned above, there is the problem about using modem differences in tidal range
along the cstuary to apply to the archaeological periods. As it appears obvious that tidal
range has changed over the millennia, it seems likely that differences in range along the
estuary have also changed, although probably not in the same order of magnitude. Again,
if the analysis is to proceed, then this assulnl)uon must be made, at least until tide level
reconstruction can be undertaken along the estuary. There is, finally, the question of
whether the data are too poorly resolved to be used. In comparison with conventional sea
level index points, the answer is, probably not, as the inherent errors are still quite small
and the data must be used in order to test the efficacy of this approach.
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Section II. Site data
Chapter 4. Wennington Marsh, A 13 relief road, London Borough
of Havering, RMI5 (TQ 5425 8025).
4.1 Introduction
Site Location
The site (code WE-WM94, GLSMR 062566) is located on Wennington Marsh (1 on
Figure 37), on the line of the A13 relief road cFhamcs Avenue) in the London Borough
of Havering. The sampling site is c. 1km from the present course of the Thames opposite
Erith (2 on Figure 37) and Crayford Ness (3 on Figure 37) and is approximately three
kilometres from the border with Essex to the east. The area is open reclaimed marsh, to
the west of the original line of the A13 road. Wcnnington Marsh is part of a landscape
comprising Rainham Marsh (4 on Figure 37) to the west and Aveley Marsh (5 on Figure
37) to the southeast, with Rainham village (6 on Figure 37) and Aveley (7 on Figure 37)
being the nearest settlements. This area was in the possession of the Ministry of Defence
(MoD) as former training grounds and has remained undeveloped amidst the continued
growth of the London urban sprawl. The sampling.site is now located adjacent to the A13
diversion route, whilst Wennington Marsh as a whole remains largely untouched.
Rainham Marsh has now been transferred to the RSPB as a protected nature reseive and
Site of Special Scientific Interest (SSSI).
Previous Research
Very little stratigraphic examination has been undertaken on Wennington Marsh. One
piece of work looking at a stretch of the estuary was carried out in advance of the channel
tunnel rail link (CT'RL), which bisects the area (Bates 1999). It is based on all the
geotecimical data amassed by the GIRL engineers. This analysis suests the floodplain
in this area consists of gravel (Shepperton Terrace) from below c. -8.Om OD and is
overlain by clay silts and organic muds, sealed by one substantial peat deposit overlain by
more silt clay, which extends up to the modern soil (Figure 38). Plans of the CTRL trace
indicate that cores 121 and 18 (8 and 9 on Figure 37) are approximately 300 metres to the
southeast and southwest of the Wennington site.
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____ Th11T
1	 Wennington Marsh	 5425	 8025
2	 Enth foreshore	 5330	 7820
3	 Crayford Ness	 5365	 7828
4	 Rainham Marsh	 5250	 8050
5	 Aveley Marsh	 5450	 7950
6	 Rainham Village	 5250	 8200
7	 Aveley	 5650	 8050
8 Channel Tunnel Rail core 121
	 5395	 7995
9	 Channel Tunnel Rail core 18	 5455	 7995
10	 Dartford Tunnel	 5675	 7600
11	 Crossness	 4780	 8150
12	 Hamsons Wharf	 5525	 7608
13	 Ring Ditch	 4500	 8063
14	 Ring Ditch	 5448	 8065
15	 Wennington Creek	 5360	 7950
16	 Erith Spine Road	 5060	 7880
Table 17. Sites shown on Figure 37
Previous examination of RSL change in this area was undertaken by Devoy (1977,
1979, 1980), and is discussed in Chapters 2, 11 and 12. Wennington Marsh falls within
his sampling corridor, west of the Dartford Tunnel (10 on Figure 37) and east of the
Crossness sites (11 on Figure 37), but is on the north side of the river. The core (Devoy
1979, figure 28a) from Harrisons \Vharf (12 on Figure 37) in Purficet, close to
Wennington, indicates that if the Thames/Tilbury stratigraphic model is correct,, a
regressive sequence comparable with Tilbury III might be expected from between c. 5000
and 4000 radiocarbon years BP at this site (see Figure 39). The transgressive overlap to
Thames III is not dated in this location. No other RSL analysis has been undertaken in
this area.
There have been no modern archaeological interventions upon Wennington
Marsh. Examination of the GLSMR shows a nUmber of features, structures and artefacts
recorded close by. The earliest of these include Mesolithic flint tools (GLSMR 060055,
060057), unfortunately not described in detail. Another prehistoric record is of a field
system (GLSMR 060928), ascribed as prehistoric undated. Other interesting features are
two ring ditches (GLSMR 061532/33, 13 and 14 on Figure 37) that were observed, on
aerial photographs taken in 1976, as crop marks. These are very close to the sampling site
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and although undated, may be mid Bronze Age, which has implications for the nature of
land use at this date, which equates with Tilbury IV. A less likely possibility is that they
could be Saxon and have some relationship with another find noted close by, (bearing in
mind the locations given with these find spots are often less than precise); a Saxon shield
and metalwork thought to be associated with an inhumation (GLSMR 060056).
No Roman observations are noted close to the sampling site. There is some
suggestion of a Saxon burh, or defended settlement in the area, presumably on the slightly
higher and more well drained gravel terrace to the north of the sampling site. There are a
number of records of medieval churches and medieval and post-medieval manor houses.
There is also evidence for management of the marshes, with earthworks associated with
l)ost-medie'a navigation of Wennington Creek (GLSMR 061061, 15 on Figure 37). This
also includes wharf and wharf house remains (GLSMR 060928) and an 18th century dam
associated with the Great Salting (GLSMR 061062).
The area never appears to have been densely occupied, with the medieval period
seeming to be the most important with a series of contemporary churches and manor
houses, similar to that seen across the river on the south at Erith (16 on Figure 37). This
may reflect the usefulness of the marsh for grazing. Reclamation is thought to have begun
relatively early, possibly before the Norman conquest of 1066; however, it seems likely
that reclamation was carried out ad hoc in the medieval period by different landowners,
many of whom are recorded as having large stock holdings in the Domesday book
(Chandler 2001). It was only in the late medieval and post-medieval period that river
defences were built, shown in legal statutes associated with construction and upkeep.
However, the prehistoric information is also important, and it is interesting to note that
Mesolithic communities used the area.
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STRATIGRAPHY IN THE VICINITY OF
WENNINGTON MARSH
M OD CTRL CORE 121 (BATES 1999) 	 WENNINGTON MARSH	 CTRL CORE 18 (BATES 1999)
TO 5395 7995	 TO 5425 8025	 TQ 5455 7995
+2 -
+1_
0.0 -
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Figure 38. Stratigraphy in the vicinity of Wennington Marsh. See Figure 91 for key	 129
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STRATIGRAPHY AT HARRISONS WHARF
(TQ 5525 7808) (DEVOY 1979)
- +5
- +4
- +3
- +2
- +1
- O.Om OD
_-1
—-3
TILBURY iii
	
-
—-5
—-7
TILBURY II
—-9
- -10
- -11
- -12
- -13
Figure 39. Harrisons Wharf sedimentary log from Devoy (1979, figure 28a).
See Figure 91 for key
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The Project
Excavation was undertaken under rescue conditions during construction work, initiated
by the recovery of 20 trees, mainly Taxus (yew), from a peat deposit within a settlement
trench being dug by the road contractors adjacent to the route. No physical traces of
human activity were observed; however, all spoil had been machined from the trench soit
was unlikely that anything would have been spotted. The road contractors only allowed a
few hours of machine down time to recover material considered of archaeological
interest, and therefore a degree of priontization had to be employed. This did not allow
for detailed examination of all sections for cut features or scanning the spoil heap for
aitefactual material.
Figure 40. Sampled section at Wennington Marsh (Im scale)
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Figure 41. Detail of the underlying silt clay and wood peat in the sampled
section at Wennington Marsh (1 m scale)
Sampling was carried out on the west facing trench section (Figure 40), which was
the only one that could be made safe. It was, nevertheless, representative of the general
sequence revealed throughout the trench. Four monolith samples were collected, with a
total depth of sequence of 1 .65m. It was not possible to bottom the sequence to gravel.
Fifteen bulk samples were collected adjacent to the monoliths, in 100mm spits and
subsainpied for radiocarbon and plant macrofossils (See Appendix 1, Table 37 and 1.3).
The timbers were not sampled on the afternoon when the site was notified, but were
recovered and laid safely to one side, some placed in drainage ditches, to be recorded and
'.	 sampled the following day (see Figure 4.5, below). This was done in order to get as much
information from the trench as possible in the limited time available. Furthermore, a
chainsaw had to be procured as sampling Taxus using handsaws can take several hours
(and saws) per trunk. The timber recording induded general measurement and
dendrochronology.
Following fieldwork, an assessment indicated that biological preservation was good
and the stratigraphy was straightforward. The first (and still only) dendro date for
prehistoric timber in London was also obtained, giving chronological control in the
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middle of the sequence. the Lack of previous archaeological and palaeoecological
research increased the significance of gaining good understanding of the depositional
environment. On the basis of thc following criteria, the site was selected for analysis in this
thesis:
• Clear sedincntaiy sequence
• Position in the Dcvoy study area but in an othemvise poorly researched location
• Good biological prcsemition with potential for envimninentalreconstiiiction and
sea level analysis
This section summarizes and interprets the data collected from this site whilst the
raw data is in Appendix 1. The sedimentary sequence collected from Wennington can be
divided into three main deposits; basal mineral, central organic and upper mineral
deposits. There are transitional stratigraphic zones (organic muds) between these deposits
and no suggestion of any eroded surfaces (see Figure 42).
4.2 The Sequence
The Shepperton Terrace was not reached here owing to water ingress and the time
constraints upon sampling, but it has been identified close by on the route of the CFRL
(Bates 1999 and see Figure 38 above). The lowest deposit (base -2.68m OD) was a finely
sorted silt with traces of humified organic material (see Appendix 1, Table 34). The
presence of iron staining may indicate a degree of sub-aerial weathering during deposition
and suggests that although sedimentation was occurring under mainly aquatic conditions,
there were periods of exposure. It seems possible that the degraded organics derived
from either vegetation growing on such an exposed (or periodically exposed) surface, or
the preserved fragments have been locally eroded and transported onto site. The deposit
then fines up with increasing amounts of hum ifled organic material (undifferentiated
material with traces of reed and wood fragments). The decrease in particle size indicates a
reduction in the velocity of flow, presumably as a result of the migration of the waterbody
(presumably the Thames) away from the sampling site, or a relative drop in water levels at
this location.
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WENNINGTON MARSH (TQ 5425 8025)
LITHOLOGICAL DIAGRAM
OD
Om_
-1 -
DIATOM G2 U 
f	
I 3220+!- 7OBPI	 IBETA 769021
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-2 -
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Figure 42. Wennington Marsh lithological diagram. 	 See Figure 91 for key
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Wennington Marsh diatom diagram
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Figure 43.Wennington Marsh diatom diagram
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Diatoms from the lower mineral deposits were poorly preserved and no full
counts could be obtained (see Figure 43 and Appendix 1, Table 39). Species included
Pscudopodosini westli and Niizschia iiaicuJath. Potentially this could indicate a very
advanced case of differential preservation, and/or be an indication of estuaritic conditions.
Although this can only be discussed tentatively, the ecology of the species suggests the
Mc/osfra (Paralia) su/cata and Navicula diito-radiata var. minima groups of Vos and de
Wolf (1993). These both indicate estuarine conditions commensurate with a large tidal
channcl and mudflats. No freshwater species were recovered here.
The sequence becomes a more fully organic mud above c. -2.5m OD; - a dark
brown slightly degraded sediment with substantial fragments of herbaceous plant material
and reeds dominating the base of die sequence at approximately 50% total organic
carbon. Some woody fragments were present but it is only in the upper part of the
stratum that wood becomes the dominant component, with the deposit reaching in excess
of 80% total organic carbon. The lower contact of this organic deposit gave a radiocarbon
date of 5010±70 BP (Beta 76903; 3960-3650 cal BC, -2.5m OD) (see Appendix 1, Table
37), showing that the major period of organic sedimentation began in the Early Neolithic.
The pollen from the lower part of the peat shows the presence of large numbers of
aquatic and marshy species induding Cyperaceae (spike rush), Sa.gitiaria (arrow head),
Tjpha la.tufolia (great reedmace), 7 aizvstifolia type (lesser reedmace), Hydrocotyle and
Spha,gnum (moss) (see Appendix 1, 1.3). Nevertheless, the overall assemblage is
dominated by tree species such as Queirus, Ti/ia, Fraiinus (ash), Alnus, Gory/us ave//aria
type (hazel) and Sa/ix (willow). This may suggest a mosaic of ecological types with a more
local wetter alder can environment and a background of mixed deciduous woodland to
the north on the terrace edge. Initially this arboreal component may have been located
close to, but not on site, which still appears to be a marsh environment forming the
organic muds as a combination of decaying vegetation and mineral sediment, presumably
transported by the river.
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The plant macro-fossils in the lower part of the peat consisted of a limited
assemblage of species including Rubus (berry/bramble), Cyperaccac, Carcx (sedge),
Rariuriculus subgcn Batmichium (buttercup), Solarium duJcanemi (bittersweet/woody
nightshade) and Umbelliferac (carrot family) which would tend to confirm the suggestion
of a locally wet environment (see Appendix 1, 1.3). There is no firm evidence of any salt
water SpCCICS within this group, and it seems therefore that the sampled sediments were
significantly above the tidal margins, indicating a negative tendency of sea level movement.
A further sample from slightly higher up, at c. -2.3m OD showed that preservation of
macrofossils had deteriorated, with only Typha sp. identifiable.
A wood peat containing large numbers of trees indicating a continuation of the
negative sea level tendency superseded the organic mud above c. -2.Om OD. The trunks
(see Figure 45) were recorded and details may be found in Appendix 1, Table 40.
However, species diversity is restricted and does not match the initial deciduous
woodland community shown in the lower samples. The tree remains were almost all
Taxus with a few Quercus. The presence of Taws in lowland river valley peat beds is
extremely rare; this appears to be an extinct form of wethnd (Godwin 1956, 274) and
may be at least partly a result of human selection owing to the toxicity of the species. The
community appears to have thrived for some time; die ring sequences did not show any
sign of stress and demonstrated the trees were living in excess of several hundred years as
well as achieving very good heights (up to 12 metres). Archaic yews are known from
across and further up the Thames (SecI 2001) and have also been recorded in the
Cambridge fens, erroneously in many eases as Quercus (see Godwin 1956, 9) and also in
Irish bogs. Godwin indicates that the species can survive quite well on fen peat and
indeed many of the records come from Bronze Age horizons; he ascribes this to marine
retrogression and dryness, both of which are beneficial to this species (Godwin 1935).
Yews have been found by Thames antiquarians, including Spurrell (1885, 1889) and
Samuel Pepys (Matthews 1972).
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Figure 45. Some of the Taxus trunks from Wennington Marsh (1 m scale)
This woody peat persists to c. -L5m OD, although the deposit becomes
increasingly humified. Pollen evidence from this level indicates dominance of woodland
species, including Queirus, Ti/ia, Alnus and Coiylus ave/lana. Taxus is recorded in low
frequencies, but there is a wider problem with recognitiou/presezwtion of this pollen type
within peat and lake muds (Godwin 1956, 275). Other taxa present include Betula
(busch), Finus (pine), (Jlinus (elm) and SaJit The plant macrofossils also suest a degree
of wetness with sedges, duckweed and Ranunculus subgen Batrachiwn and the mosses
NeIkera cnspa and Euiynchium cf. sinaizim, both of which can be found growing in wet
woodland (Watson 1981). A dendrochronological date was obtained from one of the
oaks; no bark was present, but thirteen sapwood nngs were. The measurement
corresponded with the period 2262-2 139 cal BC (see Appendix 1, 1.3), and the death
dateofthetreecouldbejustafewyearsafter2l39calBCoraslateas2O97calBC(all
Early Bronze Age dates) on the basis of sapwood estimates (Hillam 1987).
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The l)cat bed becomes even more humified towards -1.32m 01); very little
identifiable material was recovered from within it; furthermore, there is a small
proportion of mineral sediment within this upper pail of the organic sequence. The
sediment I)CCOIflCS much more mineral dominated from this point, dropping to c. 10%
total organic carbon with a small transitional deposit of organic mud and a gradual
(uneroded) change from almost entirely unidentifiable organic material to a grey brown
(following rapid oxidization) silt clay, with some sand content and occasional fragments of
mollusc shell. Sampling ceased here owing to contamination from modern overburden. A
radiocarbon measurement of 3220±70 BP (Beta 76902; 1680-1320 cal BC, -1.3mn OD)
was obtained at the upper peat contact.
Pollen from the top of the peat and into the silty clay shows a significant reduction
in the woodland cover and also the alder carr, with a corresponding rise in herbs
induding Poaceae (grass family), Cyperaceae and Chenopodiaceae (goosefoots). Plant
macrofossils confirm the appearance of Poaceae, and also include R. subgen.
Batracliium, sedge, Juncus (rush) and Typha. There could be several explanations for the
replacement of the wood peat by a more herb rich environment; a rising watertable and
increasing salinity may have made continued woodland development untenable leading to
a progression towards a more marsh-based environment. Furthermore, human
interference through deforestation may have led to increased run-off into the floodplain.
There is no direct evidence for people acting as agents of deforestation within this
sequence, but it is a well-known phenomenon in the London Thames in the early Bronze
Age (Greig 1992). The rising watertable seems to be confirmed with the appearance of
clay and silt within the organic facies, indicating that the site is now being inundated; an
apparent positive sea level tendency on the basis of the biostratigraphy and the change
from organic to inorganic sedimentation.
The diatom assemblages across this transitional zone (c. -1.3m OD) are
dominated by Cyclotdila striata, Cjnlatosm? bclgica and Paralla sulcata. Nitzschia
navicularis is also present in large numbers, and these species indicate that the site was in
an area of intertidal mud flats (Zong 1997; 1998). This pattern is reinforced in sample 8
where N nariculaiis becomes dominant (50% of the total valve count), with a
corresponding drop in channel species such as C. striata but an increase of P. sulcata. The
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liiial sample from the upper silty clay ha(l a low valve concentration and a low count but
on the basis of the limited asscmblage, an extrapolation suggcsLs that the pattern is
generally similar to that of sample 8, with a likely continuation of mud flat and potentially
low marsh dcvclopmcmit.
4.3 Site Summary
The sedimentary sequence and biostratigraphy (see Figure 46) indicate that this part of
Wennington Marsh has beemi subject to inundation by the Thames for (at least) two
phases of its Holocenc history. The earliest deposiLs unfortunately, could not be sampled;
however, by the Late Mcsolkhic, tidal waters were depositing linc-grained sediment on
site, possibly on intertidal mudflats or tidal channels. From c. 3800 cal BC (5000
radiocarbon years BP), [lie site was subject to a protracted negative sea level tendency, as
wetlands flourished for several thousand years. Therefore, it must be considered that
from c. 5000 BP, either there was a decrease in the rate of river level rise or an actual
drop in relative river levels. Previously published data (Ixng Ct al. 2000; Siddll et al.
2000), indicates a widespread wetland expansion from other sites in the estuary, from
slightly before this date, which is not considered to be associated with an actual drop in
RSL, but rather with a deceleration in the rate of RSL rise.
The wood peat takes an unusual form on Wennington Marsh by being dominated
by Tanis. Peat formed slowly, probably under conditions of reduced RSL rise. If the tree-
ring date is taken into account, it appears that the first half metre of peat took between
approximately 1600 and 1900 calendar years to form, although undoubtedly the peat has
been compressed. The upper radiocarbon measurement indicates that the upper 0.7m or
so of peat took only between 400 and 750 calendar years to form, and was inundated in
the Middle Bronze Age. This suests an increase in the speed of peat formation perhaps
driven by increased waterIoing consequent to the positive sea level tendency that
culminated in the inundation of the site by estuarine waters. The lower deposits may have
compressed more, owing to the weight of overburden, but it is likely that the substantial
tree inclusions will have restricted compression.
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It secms likely that (lie change from the wood peat to the more hcrl)acCOuS peat
marks the reversal of this tendency and gives a (late for the bcginnings of estuary re-
cxpaiioii. It is not absolutely dated in the sequence, l)ut must have occurred subsequent
to thc foniation of the Taviis woodland (associated with which is the dendro date of c.
2100 cal BC) and before 3220±70 BP, (1682-1320 cal BC) when the Peat was fluial!y
submerged. During this period, approximately 0.7m of peat was deposited, indicating
more rapid peat growth than previously. If this was forming under conditions of rising
water levels, it confirms a faster rate of nsc than during the earlier phase of peat
formation. This is, nevertheless, likely to have been complicated by factors such as
increased run-ofTand waterlogging (sec Wailer 1994b).
143
Zone
ZorIe2
Zone 1
L
SeCtiOn II	 Chapter 4.Wennlngton Marsh
Depth
(mOD)
-1 -
-2 -
501 0+1-70 BP
[BETA 76703]
3220+!- 7OBP
[BETA 76902]
-ID	 .5	 0	 5	 10	 15	 0%	 20% 40% 60% 60% 160%
1,...
	
5	 5 _________
	
9	 9	 -.
13	 1.
17	 ____
	
4	 ____
67 ____
ei________
	
65	 66
i-TOTALS
/
blan GroupsSummaHa
100 200 300
.3 -
	 Lithology	 Magnetic susceptibility
	 % Loss-on-ignition	 % Pollen count
	 % Diatom count
Figure 46.Wennington Marsh summary diagram	
144
Section II	 -________	 Chapter 5. Voyagers Quay
Chapter 5. Voyagers Quay, Copperfield Road, London Borough
of Bexley, SE28 (TQ 4730 8130)
5.1 Introduction
Site Location
The site (code CPP96, GL.SMR 071391) is located at Voyagers Quay (1 in Figure 47),
Copperfield Road on thc Tbarncsmcad North estate (2 in Figure 47) in the London
Borough of Bexicy. It is now bounded to the north (approximately lOOm away) by the
River Thames and is slightly to the west of Cross Ness Point (3 in Figure 47). Castilion
Primary School is on the western edge of the site and the Crossway to the south. The area
was previously wasteland with some stands of salt marsh close to the river.
Previous Research
Spurrdll (1885) noted part of an extensive yew forest locally. He also observed yew trees
at Crossness, some in excess of 4.50mm in diameter, and identifies these forests as
indicating 'Iongperiods offreedom from the tide (Spurrdll 1885, 270). He subsequently
(1889) described a section at Crossness, which he states is essentially the same as those on
the north bank of the Thames. He found the gravel to be variable in grain size and often
with oak within it.. The gravd was generally sealed by mollusc rich sand, including
!Iycirobth sp., which he sugrcsts indicates brackish waters here prior to the peat
formation. A beaver was noticed in the forest peat, lying under a large tree. The peat was
sealed by tidal clay, containing large amounts of Scrobiculathi shells and Pliiagmkes.
Spurrell identifies a second, higher peat horizon, also containing many trees, with yew
being more dominant in this horizon than in the lower one, which was dominated by
alder and ash.
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Table 18. Sites shown on Figure 47
Dcvoy also described stratigraphy from vciy close to the l)rcscllt Voyagers Quay
(I)cvoy 1979), 370) with his cores 79, 80, and 81 (Devoy 1979, figure 11) located
relatively close to the present site (see Figure 48). These show a variable stratigraphy on
the SOUth-fOrth alignment, with gravel deepest to the south at approximately -8.Om OD,
rising to neariy -6.Om OD in core 81. The gravel is overlain by silt clay away from the
river and a silty sand closer by. In core 79, peat forms from c. -5.Om OD, but is not
recorded in the other cores below -3.Sin OD. It persists in these locations to -1.5m OD
whilst it is not present above c. -3.Sm OD in core 79. Devoy (1979) ascribed the peat to
his Tilbury Ill phase. The pcats arc all sealed under further silt clay.
A geotechnical survey carried out at Voyagers Quay during exploratory works
encountered organic clays interdigitating with several peat strata above silt clays and the
terrace gravel. A survey of nearby Summerton Way, Cross Ness Point (GLSMR 071526)
in Figure 47) showed the stratigraphy to the east of Voyagers Quay to consist of
laminated peat and organic mud (upper surface at between -1.3 and -1.9m OD, base
below -3.Oin OD), with a north-south palacochannel cutting through this. The peat is
thought to have formed in an alder carr and the upper surface was radiocarbon dated to
2850±70 BP (Beta 108101; 1220-830 cal BC, c. -1.5m OD) to the Late Bronze/Early
Iron Age (Lakin 1999). Freshwater muds recorded up to -0.7in OD sealed it. Above this,
a terrestrial surface dcvclopcd, iipoii which Roman archaeology was recovered. This was
sealed at -0.4in 01) by estuarinc muds containing Late Roman pottery (see Figure 48).
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Work at the Cross Ness sewage plant (Pine 1994, 5 on Figure 47) demonstrated a
sequence of sandy sills scaled by Organic Iflu(1S (with an estuarinc signal in the diatom
record) with two phases of organic formation (alder can with sul)seqUellt salt marsh
dcvclopmcnt at c. -1.Oin 0!)). The thickness of cach deposit was variable across the site.
Organic muds lay between the two l)eat llOrwA)nS whilst the upper peat was overlain by
mineral seduncnt. The Aldi store site to the west of Voyagers Quay, (GLSMR 071873, 6
on Figure 47) proved the Shepperton Terrace below -8.Oin 01), which was overlain by
mineral sediment, a large peat deposit (with a thin lower peat in some places) and further
silt, probably (although not confirmed) of estuarinc origin. The onset of peat formation
was dated to 6290±80 BP (Beta 120215, 5405-5050 cal BC) and it was sealed at 28 10±60
BP (Beta 12012, 1120-820 cal BC, Siddll 1998).
The sampling site is dose to 1)cvoy's (1979) site 1 at CrossncssfThamesmead (see
Figure 48). He documents a suite of borchoics across Plumstead Marsh, showing the
surface of the gravel at varying depths from c. -2.5m OD to c. -7.5m OD, overlain by silts
and rather variable peals, ascribed to Tilbury III (Devoy 1979, figure 9). The peat forms
from c. -5.5m OD to c. -2.Om OD, and is sealed at altitudes of c. -4.Om OD to c. +O.5m
01). flic borcholes on the eastern side of the site ('Crossness' and 'Erith Marshes') show
gravel surfaces between -9.51 m OD and c. - 4.Om OD with Tilbuiy II directly above the
gravel (in most places). A clay silt is present above Tilbury II of variable thickness,
between 5 and 0.5m. Tilbury Ill is absent in places but where present is similarly variable
in thickness. The summary diagram (Devoy 1979, figure 28) shows the sequence at this
site to consist of gravel between c. - 5.5 and -4.5m OD, overlain by a thin sequence
('Z0.5m) of'Thamcs II which is in turn sealed by less than 2m of Tilbuiy III on the eastern
side of the site, and by approximately 3m on the western side, where the gravel is lower.
A radiocarbon measurement of 5640±75 BP (Q-1282; 4690-4340 cal BC) was
obtained from the base of the Tilbury III deposit and 4195±100 BP (Q-1333; 3020-2490
cal BC) was recorded for the contact at the top of Tilbury III on the eastern side of the
site. On the sea level curve for the Thames proposed by Dcvoy (1979, figure 29, curve 2),
the lower date is taken as an index point (number 17) of a regressive contact with a
consequent (slight) drop in RSL at this date. The upper date (number 18) is taken as a
transgrcssivc contact reflecting an upward movement of sea level before and after this
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date. The curve between points 17 and 18 is oniy dotted in. This line suests that the
decrease in RSL was minor and occurred between c. 5500 BP and c. 5000 BP when it
began rising again. This contrasts with the curve for Tilbury (Devoy 1979, figure 29, curve
1, shown below, Figure 49) where the drop begins before 6000 BP but the subsequent
rise starts concurrently with that represented on curve 2.
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Relative sea-level curves for the inner Thames estuary. Curve 1 us from Tilbury. Curve 2 is from Crossness. Stone
Marsh, Dartford Tunnel end Broadness Marsh. Points 1-8 are from The World's End borehole (point 8 is a 'pollen
date'I. Points 9 13 are from Stone Marsh. Points 14-16 are fron, Broadness Marsh. Points 17 and 18 are from
Crossness. Point 19 ii from the Dartford Tunnel. The Isle of Grain date is represented by G.
Figure 49. RSL curve from Devoy (1979, figure 29)
Limited consideration of RSL movement was incorporated into the Summerton
Way publication (Lakin 1999). This analysis was based mainly on the relative location of
the archaeological horizons within the stratigraphy at this site. The Roman deposits were
sited on land that is thought to have been in the Thames estuary during the Iron Age. The
land then became part of the foreshore and finally fully terrestrial with the development
of a palacosol. This may have been caused by fluctuation in water levels rather than
channel migration away from the site. MI-lW was calculated at or below approximately -
1 .Oin OD in the Early Roman period here. The transgressive overlap at -0.4in, dated by
ceramic typology to the 5th century AD was considered a reliable sea level index point
(Lakin 1999).
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rfl iCrc is limited archaeological evidence from the area, probably due to the
restricted research undertaken to (late rather than true evidence of absence. Isolated finds
have been made along the river, including a Mesolithic bone awl (GLSMR 070.514) and a
Mesoliihic axe (GLSMR 1 10052). Sctilemcnt evidence comes from Summerton Way,
where Roman field systems, agricultural infrastructure and the remains of ceramic
production were found (Lakin 1999). Spurrell (1885, 1889) noted substantial amounts ('a
couple of cariloads') of Roman debris at Crossness (pottery, building material, food waste,
inortana, a grinding stone and a timber platform close to a modern stream) approximately
3m below surface (c. +i5j 01)) on a mossy peat surface. He concludes that the Roman
occupation here was at a time of a depression in the estuary.
The Project
Two boreholcs were drilled in March 1996 using a shell and auger cable percussion rig as
part of a conventional archaeological evaluation under a planning condition prior to the
site being developed (see Figure 50). U4/l00 samples were collected from all undisturbed
sediment, sealed and taken to die Museum of London. A preliminary scan of the samples
and selected subsampics split from the U4 samples was undertaken to establish the
potential of the site. This assessment indicated a variable sequence between die two
borchoics with the presence of organic muds, NeolithiclBronze Age peats and mineral
sediment over the Shepperton Terrace (see Figure 51). Several diatom and pollen slides
were also prepared and seaiuicd, indicating that biological preservation was reasonable.
Following this scan, the site was selected for analysis in this thesis on the basis of:
•• The geographical location close to the modem course ofthe Thames and at the
western edge of the Devoy (1979) study area
+ Reasonable biological preservation
+ Potential to examine mid-Holoeene sea level change
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Figure 50. Voyagers Quay site outline and borehole location plan
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5.2 The sequence
This section contains an interpretative narrative based on the collected data, which may
l)e found in Appendix 2. The cores were all described and then BH2 was sciected for
detailed lithological and diatom analyses. The notes and (hagram from the initial pollen
Scan by I)r. Rob Scaifc have been imicorporated, with his permission. The general
sequence is of gravel overlain by finer mineral sediment, estuanne organic mud and then
several peat deposits interleaved and ovcrlain by silt clays.
BHI
The Shepperton Terrace was encountered at -6.9m OD and consists of sand and flint
gravel (see Figure 51 and also Appendix 2, Table 41). It fines up with an increasing silt
component to -6.5m OD. Above the gravel is black silt clay. Such deposits have been
interpreted elsewhere (Wilkinson et al. 2000) as representing migration of the braided
Late Devensian/Early Holocene Thames away from the sampling location, with the fme-
grained sediments representing flood deposits rathe,r than in-channel deposition. It is
possible that the site was initially located within one of the Thames channels and this was
gradually abandoned. Some coarser clasts were present further up in this deposit and
suggest possible erosion and re-deposition of the Shepperton Terrace with re-migration of
the Thames southwards, closer to the site. Some wood and degraded organic material was
also contained within the clay silt matrix.
From -&14m OD, the deposit persists as fine silt clay but becoming laminated
with some fluctuation in grain size between the individual laminae. Much undilTerentrated
organic matter was present and this may indicate a semi-terrestrial environment forming
bi situ, possibly within a relict channel. The laminated clay silt is overlain at -5.6rn OD by
a slightly coarser and structureless organic mud containing wood fragments and highly
comminuted organic traces. lliis organic mud is laminated again between -5.5m OD
and -4.Gmn 01) where it is overlain by structureless inorganic silt clay which appears to
have been subject to sub-aerial weathering at the top of the sequence where it was sealed
by modem overburden.
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The results of the pollen assessment from this core (see Figure 53 and Appendix
2, 2.3) indicate that the initial Organic formation reflects local wooded cOfl(litlonS with
Qucrcus, Coiylus ave/lana type, IJetula, Pinus, (I/in us and 7Tha indicating typical mixed
dCci(lUouS wo(xlland. A slight change occurs at ( -4.lin 01) whcre Alnus begins to
expand to the detriment of some of the tree species such as Fraxinus and U/in us, as a
result of presumed rising base levels. This trend continues up the profile with species
such as Chenopodiaceac occurring increasingly, possibly indicating local salt marsh
formation, or at least inwash of estuarine waters over the sampling site. In addition,
towards the top of the sequence in the silts overlying the peat, there is evidence for cereal
and Plantago la.nccolata, which may be evidence of arabic cultivation taking place locally.
This may have caused local run off to accumulate in the floodplain, facilitating transport
of pollen grains.
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BH2
The Shcppertoii Terrace was recorded at -6.88m OD and consists of sand, gravel and
degraded organic matter, which staiticd the deposit black with a percentage organic
carbon content of approximately 35% (see Appendix 2, Figure 144). Magnetic
susceptibility values were relatively high on the gravel surface, which could possibly
indicate a period of palaeosol fonnation (see Appendix 2, Figure 143). The terrace is
ovcrlain by a series of silt clays incorporating Woody fragments and, towards -6.lm OD,
some undifferentiated organic material, but a decrease in overall organic carbon content.
Preservation of organic material was variable, with occasional unidentifiable crushed
leaves, suesting a low energy aquatic environment. No diatom valves were found at the
very base of the clay silt, but valves arc present in samples 3, 4 and 5 (see Figure .52) with
the assemblages dominated by the estuanne species Paraiia sulcata, Cyinatosira be/gica,
Rliaphoneis ainpliiceros, De/phineis suiireJIa, Cydote/la st.iiat.a and Nitzcchia naviculaiis
(see Appendix 2, Table 47). These species indicate that the sediment is derived from the
tidal Thames. C striata increases in dorniiiancc between these three samples, whilst P.
sulcata decreases, perhaps indicating decreasing saUnity or the migration of the channel
away from the sampling site. However, C. bc/1pa increases alongside C. stnLa whilst R.
amp hiccros and D. surirdila remain fairly stable. It is perhaps safest to conclude by
suesting that there is a weak trend from marine to marine/brackish conditions within
the context of a tidal channel depositing sediment in the intertidal zone.
Diatom samples 6 and 7, from the middle of the clay silt horizon (-6.54 and -
6.52m OD) are dominated by the same species as before, indicating that poly-
mesohalobian conditions remain prevalent. C. striata and C. be/gica decrease whilst
Paraith su/cata and N. namiculath increase slightly. Further samples (8-11) from the top of
the day silt (-6.14 to -6.08m OD) demonstrate variable preservation, with the samples at
the upper contact not preserving any valves at all, possibly as a result of the sediment
drying out. The samples at -6.1 1 and -6.1 2m OD did preserve diatoms and indicate that
deposition continues to take place on mud flats th a tidal channel.
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The silt clays persist to -6.06m 01) where thcy are scaled by a thin band of
hurnilied l)Iack peat (to -.5.93m 01)), consisting of unidentifiable organics with some
wood, dctntal plant matter an(l moss. The change in sediment composition suggests that
the area dried out considerably, possibly cut off from the Thames; which may reflect a
negative tendency of sea level movement.. There is a concurrent decrease in magnetic
susceptibility values and an increase in carl)on content to almost 60%. This value is
comparable to modern values in the high marsh found by Zong and Horton (1999) at
Thontham and Cowpen Marshes. The peat is overlain by 40mm of mineral sediment,
sealed by a second peat deposit, again black and highly degraded, but with some
reasonably well preserved wood fragments. Some clay silt was noted within the matrix,
indicating that the site was still subject to inwash. The upper contact at -5.05m OD is
sharp and therefore potentially erosional.
Diatom samples (12-16) were taken from the uppei levels of the second peat,
valves were absent below, but present above -5.11m OD. The assemblages are again
dominated by C. stiiata and P. sulcata, with lesser quantities of N naiiculans, C. elgica,
R. amphiccros and Pseudopodosira westn: The counts indicate that local conditions had
changed from the assemblages present lower down; suggesting that the sampling site was
in contact with the estuary and the valves were possibly being washed into the peat with
mineral sediment from the river indicating the peat was forming under a positive tendency
of sea level movement.
The second peat was sealed by a mineral sedunent with some traces of organic
matter above -5.05m OD, which, in conjunction with the diatom evidence for marine
contact, supports the suggestion of a positive tendency at this point. Diatom samples 17
and 18 were examined at -4.78 and -4.76m OD. It was not possible to obtain a full
count from sample 17; however, species observed included N navicu/aris, P. westii and
Dilonth üicwiata. Valves were much better preserved in sample 18, which was
dominated by N navicu/aris, P. sulcata and P. westh: In comparison with previous
samples, C. striata values plummeted whilst P. westil and N iiancuiath increased sharply.
This shows a continued strong marine signal and a slight change with the increase of N
naviculaiis m(licaung an expansion of intertidal mudflats (Vos and de Wolf 1993).
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A third peat seals the mineral sediment from -4.43m OD. I)iatom samples (19-
22) across the contact are almost entirely devoid of valves with only a fcw niarne Species
present. The peat once more consists of highly huinified black, mainly unidentifiable,
plant matler. Wood was noted along with some stem tissue. A radiocarbon (late (see
Appendix 2, Table 45) of 4750±70 B1 (Beta 93676; 3660-3370 cal BC, -3.95 to -3.90m
OD) was obtained from wood present in the upper levels of this peat, which is ovcrlain by
laminated silt clay with sand above -3.79m OD. Some organic matter (reaching 50%
TOC) is present and may indicate periods of exposure within the cycle of lamination.
Diatom samples from the silt clay were poor in valves with only a few species present,
such as CycloIcLia sirthta, Cyrnatosira bc/&ica, and Fscudopodosini wcsth Although so few
valves Cannot be reliably interpreted, it is possible that the presence of Cycloiella siriata
indicates a slight freshening from the previous levels.
Unfortunately, above -3.59m OD, the cores were mislaid after the initial scan.
Nevertheless, in the absence of full Trocls-Smith logs, the initial descriptions are
incorporated here along with the radiocarbon dates obtained from this part of the
stratigraphy. The upper level of the laminated silt clay dates to 4610±70 BP (Beta 93675;
3630-3090 cal BC, 3.31 to -3.27m OD), and is sealed at c. -3.25m OD by an organic
mud that persists until c. -2.65m OD where is it overlain by a fourth peat. This contact
dates to 3990±70 BP, (Beta 93674; 2850-2300 cal BC, -2.60 to -2.55m OD). The peat
persists to c. -2.OSm OD, where a further organic mud seals it, the base of which dates to
3020±60 BP (Beta 93673; 14.30-1020 cal BC, -1.97 to -1.95m OD). The organic mud was
sealed by mincrogenic silt clays ate. -1 .7m OD, that persist to c. -0.75m OD where the
modern overburden begins.
5.3 Site summary
The sequence is locally variable in that BH1 records only limited organic formation whilst
BH2 contains multiple peat beds. Erosion in BH1 may have removed some terrestrial
sediment and indeed local terrestrial conditions are indicated in the pollen sequence that
initially shows local woodland conditions demonstrating a mixed deciduous ecology, with
rare survival of Pinus. Nevertheless, the sediments from this core range from the high
energy deposits at the base of the sequence to the laminated fine-grained sediments which
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almost certainly indicate the presence arid infihling of a channel. Again, the pollen
cvl(lcncc indicates alder carr subsequent to the woo(lland species, which confirms the
continued presence of vegetation communities, but also SUppOrtS the idea of a
watcrlogged environment. This is strengthened with the subsequent rise of species such as
Chciiopodium, indicating a transfer again at the sampling site to a salt marsh
environment. Interestingly, there is evidence for human occupation in the form of
ruderals species and cereal pollen. It seems possible that cultivation of the landscape, if it
is indeed representative of local conditions and not water-borne pollen, may well have
contributed to the waterlogging of the floodplain by increasing runoff from the higlier
ground to the south.
Bill contrasts strongly with BH2 (see Figure 54) where four distinct peat horizons
are present with several organic mud horizons as well, rather than a mainly minerogenic
sequence. The closeness of the boreholes suggests that this difference is a result of a
localized topographic feature, such as a channel. It seems likely that BH2 is more typical
of the broader local conditions, and on the basis of the frequent changes in sediment
type, this would seem to indicate a dynamic environment. This could be the result of, for
insance flooding from a nearby channel or the samIing site being located at the
boundary between marsh and tidal flats and consequently subject to frequent fluctuations
in depositional environment ranging from wood peals to intertidal muds. In this respect,
the site may be considered a sensitive indicator for Thames-side conditions, but perhaps
may be too sensitive to local conditions to be a good indicator for larger stretches of the
estuary.
The diatom sequence is generally consistent throughout BH2. Almost all samples
where full counts were obtained are dominated by the species Paiaha su/cata, Cymatosira
be/gi Rhaphoneic ainphiccros, Deiphineis surirel/a, Cyc/otella striata, Pseudopodosini
westii and Nitzschia naricularis. There are changes in the proportions of species within
each assemblage, but thc general pattern indicates minor fluctuations within the bankside
ecology of a tidal channel. Unfortunately, diatom preservation was not consistent, with
sera1 samples where counts could not be obtained. Therefore, it is not possible to
identify whether the aquatic conditions changed significantly in the early periods of
organic deposition. The presence of assemblages suggesting tidal conditions from the
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sediment overlying the gravel terrace is interesting, suggesting early tidal influence in this
location. The scqucncc appears to confirm much of what Spurrcll rccordcd in 1889 with
several peat horizons and evidence for estuarine waters low in the sequence. It is
interesting to note that although Spurrell recorded Taxus there was no sign of it in the
pollen record here, showing the problems of pollen taphonomy, as sccii at Wcnnnigton
Marsh.
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Chapter 6. Gallions Reach Urban Village, Thamesmead, London
Borough of Greenwich, SE28 (TQ 4490 7985)
6.1 Introduction
Site Location
Gallions Reach urban village (code GAH96, GLSMR 071491, 1 oii Figure 55) lies within
part of the modern development of Tharncsmcad on the south bank of the Thames in
Greenwich. It is adjacent to the stretch of thc Thames known as Gallions Reach, bounded
to the south by the Western Way, to the north by Warepoint drive and the Thames itsclL
On the western side is Gallions Park and lake (2 on Figure 55) whilst on the east lies the
site of the London river crossing. The land is just to the southwest of the prominent angle
juuing into the Thames; Margaret orTripcock Ness (3 on Figure 55). It is east of the
Woolwich Arsenal (4 on Figure 55) and was examined prior to redevelopment of land
associated with the ArsenaL The Arsenal previously employed the land for testing mortars
and armour piercing weapons until it was abandoned in the 1970's and 1980's. It has
since been used as a tip with a small quariy. Prior to its use by the Arsenal, the land was
been known as the Plumstead Marshes, and is presumed to have been an open area of
marsh throughout most of the historic and probably the later prehistoric periods.
Previous work
Very little examination of the stratigraphy of this area has been undertaken, mainly
because it was part of the Woolwich Arsenal for several hundred years. A discussion of
the stratigraphy recorded nearby by Devoy (1979) and Spurrell (1885, 1889) at
Plumstead, Crossness, compared with Beckton and Dagunham (5-8 on Figure 55) may be
found in the introduction to Chapter 5; gravel was found at between -2.5 and -7.5m OD,
overlain by sand sealed by a possible palaeosol. This was overlain by a relatively thin peat,
clay and then a second peat sealed by a thick estuarine clay facies.
164
U)
E
0
N
0
N
I-
ci)
a-
CU
.=
C-)
U)
U)
C
0
C
ci)
E
U)
ci)
U)
U)
0
C
CU
0
CU
ci)
U)
C
0
CU
(9
9-
0
a-
CU
E
C
0
CU
0
0
-j
L
U,
a)I-
D)
Li
It)
(0
Secticx, II
	
Chapter 6. Gallions Reach
Table 19. Sites shown on Figure 55
An examination of Thamesmead site 8B by the Ceoarchaeological SeMce Facility
(GSF') (Pine 1994, 9 on Figure 55) recorded peats and silt clays (GLSMR 071169, 70,
71). The interpretation of the sequence was that it consisted of buried land surfaces dating
to the Mesolithic/Early Neolithic periods, marginal to a major channel, with the
subsequent peat beds dissected by tributaries. The area is thought to have been subject to
erosion and reworking on the basis of the complex stratigraphy recorded here.
Dcvoy also recorded sequences (1979, figure 28) at Church Manor Way (11 on
Figure 55) slightly to the southeast of Gallions Reach and at Woolwich East (12 on
Figure 55), very close to the Gallions Reach site. No dates are available for these sites.
The sequence at Church Manor Way has gravel at c. -9.5m OD overlain by a substantial
(3m thick) Tilbury II deposit, sealed by several more metres of clay silt, and then Tilbury
Ill peat between approximately -5.0 and -1.5m OD. No further organic material was
present here. Woolwich East has gravel at c. -4.75m with no Tilbury II, a relatively thin
clay-silt between -5.Oin and -4.0 OD. The Tilbury III deposit is present between c. - 4.0
and -1 .5m OD, sealed by further mineral sediment. This sequence is reasonably
consistcnt with the deposits at Crossness (10 on Figure 55), but not very comparable with
Church Manor Way (also see Figure 56).
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Although the area has not bccn intensively archacologically investigated, some
interesting material has come to light, mostly by chance. River finds include prehistoric
(GLSMR 070566) and Roman pottery on the foreshore (GLSMR 070328, 070327).
More spectacular finds include a Neolithic dugout canoe from Belvedere (GLSMR
070415) (13 on Figure 55), several Bronze Age bronze swords from the river (GLSMR
060197, 060196), with another Bronze Age weapon dug from the marshes in 1778
(GLSMR 070216). Preserved wood was also noted at a depth of two metres during the
construction of the drain that this weapon caine from (Mills Whipp Partnership 1995).
Other finds on the marshes include Mesolithic and Neolithic struck and fire cracked flint
(GLSMR 071501), a Mesolithic awl (GLSMR 070514), undated human remains
(GLSMR 071065), and a series of World War H defences (GLSMR 0714.58).
The medieval use of the area is very poorly understood and may simply have
involved grazing. One documentary source suggests that the area was frequently flooded
and required defensive work from the 10th century. Henry II ordered Emeline de Ros to
pay the Abbot of St Augustine's abbey for works and defences of her part of Plumstead.
These are thought to he river defences built during the reign of Henry I by her ancestors
in Sandhopcness (Margaret Ness), indicating that tEe river wall was built from at least the
early 12 century (Mills Whipp Partnership 1995). Spurrell's (1885) examination and
map of the river walls indicates that the land at Gallions Reach may have been subject to
regular flooding with a wall set significantly back from the river and another (later?) wall
close to the Thames defending the land here. This could have occurred when the land
was required for the Arsenal; the absence of fields marked on the map used by Spurrell
indicates that the land was not used previously, unless for grazing.
The Project
An archaeological project was undertaken in advance of housing development. Eight
borclioles were drilled using a cable percussion shell and auger rig to characterize the
deposits across the area and i(lentlfy possible palaeosols that could have supported
human occupation (see Figure 57). U4/100 samples were collected from the undisturbed
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sequences within all boreholes. The sampling strategy involved detailed description and
dating of all cores, which are presented here followed by a cross-site synthesis.
TQ 4490 7985	 Gallions Reach
U
Figure 57. Gajlions Reach site outline and borehole location plan
A preliminary assessment, sensu MAP2 (English Heritage 1991) was carried out
which listed the sequences, obtained preliminary dates and briefly examined the
biostratigraphy. On the basis of the assessment, the site was selected for inclusion in this
project and the criteria for inclusion were:
+ 77w ccntnil position relative to other sites th the project
+ Location within the Devoyrnodel area
•• The largr number of cores
+ The opportunity to exunine Holocene sea-level tendencies
+ Good chronological data
+ Reasonable biological presen ntion
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6.2 The Sequence
This scction describes and intcrprcLs the straligraphic sequence; full data may be found in
Appendix 3. The cores were dcscnbcd and subsequently B1-12 was selected for analysis.
rfle general sequence is of Pleistocene gravel overlain by organic mud sealed by a
substantial peat horizon. This in turn is scaled by further organic muds and finally
estuarine clay silts (see Figures 58 and 59).
BHI
The Shcpperton Terrace occurs below -6.2rn OD, and is sealed by silty sand, which
gradually fines upwards and includes some organic matter, i.e. at c. -5.8m OD (see
Appendix 3, Lithology). From -5.5m OD the silty sand is replaced by a clay silt sand,
with some wood at c. -4.6m OD. This continues to fine upwards with a higher organic
content, including wood and highly degraded plant matter. The upper contact (possibly
eroded) of the silty sand (-4.22m OD) is overlain by a humified black woody peat. This
contact is dated 10 5560±70 BP (Beta 100878; 4540-4250 cal BC, -4.25 to -4.20m OD,
see Appendix 3, Table 58). There is a low mineral content present within the peat,
suggesting that inwash over the site continued to occur. The peat, although humified
throughout, changes in composition towards the top, where more herbaceous plant
remains are present, indicating a change in ecology from wood to sedge peat. Above c. -
3.Om OD the mineral content increases significantly and the sediment changes to an
organic mud, comprising clay silt and undifferentiated organic matter. Some sand and
wood fragments are present., but the clay content increases upwards to -1.68m OD. This
level is dated to 3240±70 BP (Beta 100877; 1690-1320 cal BC, -1.73 to -1.68m OD) and
was overlain by clay silt with no organic inclusions at alL Iron staining was noted and may
be evidence of the site having been exposed for some time. The dating outlined for this
borehole indicates that organic deposition occurred for just under three thousand
calendar years with c. 2.5m of accumulation, roughly 10mm per 12 years, uncorrected for
compaction.
BH2
The Shepperton Terrace occurs below -6.47m OD and lines upwards with organic
inclusions above -6.32mn OD. The sand of the terrace is sealed at -6.17m OD by a band
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of highly huinificd pcaty mud with traces of wood and other plant parts; dated to 6150±70
1W (Beta 100880; 5300-4850 cal BC - 6.17 to - 6.12m OD), i.e. Late Mesolithic. Diatom
samples from this peat contained only a few valves (see Appendix 3, Table 60); the poor
preservation l)robablY a result of the conditions which led to the humification of the
organics. The few valves prescllt indicate that the deposit was predominantly freshwater,
although Coeconcis placentula will tolerate brackish conditions. The mineral content
increases and the overlying deposit is an organic mud (recorded above -5.81m OD)
comprising mineral sediment with some completely degraded organic material and some
wood. Diatom valves from the top of the organic mud were lacking, with the exception of
sample 10 (-4.71m OD). This assemblage was dominated by poly-mesohalobian species
including PaiiJia su/cata, Cyclotcila striata, Pseudopodosim westil and Rhaphoneis
amphiceros, indicating deposition from tidal inlets and estuarine channels (Vos and de
Wolf 1993). Niizschia navicularis is also present and dominates the assemblage. This
taxon, although also a marine/brackish indicator, is also foUnd on intertidal mudflats and
this is likely to be the main ecotype represented at this point in the sequence (see Figure
60). Pollen from the peat and organic mud indicates mixed deciduous woodland nearby
including Queirus, Coiy/us ave/lana type, Ti/la, Fraxthus, Ulmus and Hedeni helix (ivy)
(see Figure 61). The organic mud appears to have fbrmed in and around an environment
of mudflats and tidal creeks whilst the peat was forming under an alder carr.
The organic mud is overlain from -4.65m OD by a humified peat, a much thicker
deposit which persists to -3.39m OD. This peat contains very little identifiable organic
material other than wood; nevertheless the total percentage organic carbon was high
throughout, reaching values of 92% but averaging approximately 85% through the entire
sequence (see Appendix 3, Figure 147). The r scilues obtained through the peat show
isolated lenses which appear to haw slightly more mineral sediment, i.e. where the values
exceed zero, with an obvious trend towards the top of the peat, reaching over 10 m 3
 kg (see
Appendix 3, Figure 146). Several samples were examined for diatoms in the peat but very
few valves were recovered; those that were indicate that the site was still in contact with the
estuary on the (admittedly scanty) evidence of a few valves of Pseudopodosira rvesth
Pam/ia sulcata and Nitzsehia naicuIañs.
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Pollen sampics in this peat iu(licatc an alder can environment, similar to the lower
humified peaty mud; however, the dominance of alder decreases against Cyperaccac
within this peat horizon. 'l'lic woodland clement, presumably on the higher land to the
south, continues to be (lolnhllatc(l by Qucrcus, but U/rn us and Fxax.iinis decrease in
numbers through the sequence. The decline in U/in us could represent the well-
(Iocumcntcd elm decline seen across London in the Neolithic (Grcig 1992). Ti/ia is still
present in the sJ)ectra at this point, winch might indicate that only localized clearance
occurred, thought to have subsequently led to widespread elm eradication through the
action of Sco/ytus sco/ytus (elm bark beetle).
There is a low mineral content within the peat, which increases at the top of the
deposit where it is scaled by a black organic mud at -3.39m OD. The percentage of
organic carbon at this transitional point, drops rapidly to 60%. Iron staining occurs at the
base of the organic mud, perhaps indicating that it was subject io sub-aerial weathering.
The organic carbon content fluctuates between 8 and 84%. The f values remain low, but
higher than those found in the peats below. However, at the top of the deposit, a value of 94
m3 kg4 was recorded, and is sufficiently high to indicate an unusual occun-ence at this level.
This could indicate that the site stabilized briefly and edogenesis began, or it may simpiy
reflect local burning, although no charcoal was noted in the core. Pollen within the organic
mud shows that A/n us regains dominance, but with the appearance of Chenopodiurn type
which may indicate a development of local salt marsh. The woodland element persists,
with Qucrcus and Coiy/us avc/Iana type still present, although Ti/ia is not. Poaceae and
Plantago lajiceolata (ribwort l)Jantaul) may indicate arabic cultivation nearby. The organic
mud was over a metre thick, only sealed at -2.2m OD, with some evidence for a small
period of wetland expansion at -2.4m OD where a thin band of humified peat occurs.
The top of the organic mud is slightly eroded, but was dated to get a minimum
date for the end of organic sedimentation. The result was 2540±60 BP (Beta 100879;
830-410 cal BC, -2.25 to -2.20m OD). This falls within the plateau of the radiocarbon
curve for the first millennium cal BC and spanning the Late Bronze to Early Iron Age.
The organic mud is scaled by a fine-grained mineral sediment which coarsens upwards
with sand at the top. Organic carbon content lluctnates but averages approximately 10%
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throughout, which is unlikely to represent fri situ growth, and fits well with figures
obtained by Zong and Horton for the perimannc/low marsh ZOflC (Zorig and Horton
1999). Magnetic susceptibility values are generally low and therefore consistent with
(lepositlon of mineral sediment; however, a value of nearly 300 m8 kgwas obtained from
-1.76m 01), which may indicate burning or soil formation. It was present at the top of a
U4 core and so may l)e modern contamination. Diatom valves are poorly preserved in
this upper deposit, with the assemblage dominated by Nitzschia nafr'uJa.ris, suggesting
differential preservation and/or that the local eiwironrnent was one of intertidal mudflats.
The modern overburden is present at -0.61m OD
BH3
The sand and gravel of the Shepperton Terrace occurs at -5.66m OD and is overlain in
this borehole by some highly degraded wood, sealed by an peaL with further wood
fragments. Mineral sediment is also present within the matrix and also as discrete
latninac. Above c. -5.Om OD the mineral content increases and the sediment changes to
a black orgamc mud, which contains some wood fragments. It is sealed at -4.7Gm OD by
an increasingly organic horizon almost 1 .5m thick. Both wood and traces of herbaceous
plants are present. Some mineral sediment is present and so it seems likely that the
sampling site continued to be inundated, but the with peat formation more significant
than mineral inwash. The peat is sealed between -3.4.5 and -3.40m OD by a silt clay,
indicating that rising water levels inundated the site from this point. There is a thin
organic band within this silt clay, which suggests that the marsh expanded briefly once
more before being finally submerged.
BH4
The sand and gravel of the Shepperton Terrace was recorded between -3.1 3m and -
2.88rn OD, gradually fining upwards. it is sealed by organic mud, which also fines
upwards until replaced by a peat bed from c. -2.7m OD. The base of the organic mud
was dated to 5260±80 BP (Beta 100882; 4320-3940 cal BC, -2.86 to -2.81m OD), the
Mesolithic/Neolithic transition. The organic mud is sealed by a highly humified wood
peat with some herbaceous remains. It persists to -1 .57mn OD where it is sealed by
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further organic mud showing the increased influence of the river. This upper contact
dates to 3710±601W (Beta 100881; 2290-1920 cal BC, -l.6lto -1 .5Gm 01)) indicating the
peat took roughly 2000 years to accumulate.
Some detrital plant material is present within the matrix of the organic mud over
the 1)Cat and it is likely that the site was not continually submerged, but close to a channel,
presumably the Thames. The organic mud is scaled at -1.16m OD by a coarser mineral
sediment, in(licatlng that the channel is by this point much closer to the sampling site and
inwash occurred more regularly. From -0.6Gm OD the coarse mineral deposit is replaced
l)y laminated organics and silt clays that seem to indicate a gradual cycle of organic
formation, perhaps indicating the wetlands expanded but not consistently seawards,
interspersed with deposition of estuarine clays. The final deposit in this location shows a
coarsening of the mineral component from -0.35m OD, indicating that the site is being
inundated under higher energy conditions.
BH5
The Shepperton Terrace was encountered at -5.11h OD, overlain by a clay silt sand with
some wood, which fines upwards and becomes laminated with fine sand and humified
organic matter, indicating that deposition may have occurred within a periodically active
channel. A break in the sequence occurs between -4.17 and -2.12m OD owing to several
U4/l00 samples having been mislaid. Site records indicate that the missing stratigraphy
was a silt clay. From -2.12, the sequence consists of further minerogenic sediment,
exhibiting thinly bedded deposits of Ime-grained silt clay and coarser silty sand. Humified
organic material is present withiii the fuier sediment and again may suest that the
deposit is still forming within a palaeochannel that is only occasionally active.
BH6
The Shepperton Terrace is present at -S.35m OD, overlain by a degraded wood peat.
Some mineral sediment is present within the matrix and increases in quantity to the point
(e. -4.5m OD) where the peat is sealed by a black organic mud. A second, more
substantial humified wood peat is present between c. -3.6m and -1.8m OD where it is
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scaled by a further thin band of organic mud. This in turn is scaled by a third thin peat
horizon, to c. -1 .6m 01). A thicker (lCj)OSit of laminated mineral/organic lenses is present
to -. 1 .2m OD. This pattern suggests that the sampling site was at the very edge of the
wetland margin where peat could form for short periods but was inundated regularly. A
deposit of purely IflinCral sediment, in some places fairly coarse, concludes the sequence
suggesting in-channel sedimentation. There is also some iron staining which may indicate
that at other times the sampling site was exposed.
BH7
The Shcpperton Terrace occurs at -4.33m OD where it includes some degraded organic
material and is sealed by organic mud containing some wood. The mineral component
fines upwards indicating continued, although decreasing, influence from a large channel.
The organic mud is replaced by a degraded peat between -3.44 and -2.83m OD, which
contains traces of wood and herbaceous plants. Some mineral sediment is present within
the peat, which suggests that although the peat reflects a major period of wetland
development, it is still subject to inuiidation, presumably from the Thames. The peat is
gradually overlain by mineral sediment, with some organic content, indicating that the
translation from semi-terrestrial peat to tidal deposifion occurred fairly gradually. The
presence of some gravel clasts and sand towards the base of the mineral deposit suggests
that the process may have begun relatively gradually but with an increasing rate of flow
over the site. The upper part of the deposit fines upwards.
BH8
The Shepperton Terrace is present below -5.03m OD where it is overlain by a laminated
sand.. The deposit gradually fines up with silt clay above -4.8m OD, however, it coarsens
again at approximately c.- 4.Om OD. Some gravel clasts are present indicating that the
sampling site may have been within the main channel at this point. The upper contact to
the overlying organic mud was erosive, indicating a hiatus. The organic mud is
approximately 0.7m thick and is sealed by a humified peat bed above -3.35m OD, the
base of which dates to 5360±60 BP (Beta 100884; 4340-4000 cal BC, -3.35 to -3.30m
OD), the Late Mcsolithic. The peat contains wood throughout and possible Phraynites
(reed) remains. It persists for approximately 1.15m where it is sealed at -2.08m OD by a
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mainly mineral SC(liiflCflt with a low orgailic content. The upper levels of the peat (not
quite the contact, but the nearest point yielding enough organic matter for a result) date to
3810±60 BP (Beta 100883; 2460-2040 cal BC, -2.25 to -2.2Oin OD) showing that peat
accumulation continued into the l3roiizc Age and that the first metre, approximately, took
2000 calendar years to accumulatc. ilic mineral sediment coarsens upwards with a
decrease in the organic content to the point (+0.1Gm OD) when no organic matter
remains and the deposit is wholly nmincrogcnic, probably reflecting in-chaimel
sedimentation.
6.3 Site summary
The results indicate variable stratigraphy across the site. Gravel is lowest in BH2 and
BH 1, below -6.Om OD, which may indicate a palaeochannel cutting through the gravel in
this location, or simply that the gravel dips towards the Thames from higher ground to the
south. The altitude of the gravel along the north-east/south-west line is relatively
consistent, ranging from -4.33m OD to -5.35, with the exception of the low point in the
area of BH2. Gravel is present at -2.88mn OD in BH4, which indicates the likelihood of a
gravel island in this location. There is no evidence for this is the area of BH3 where the
gravel occurs below -5.66m OD. These two holes are less than 40m apart, so the change
in altitude is likely to have represented a quite obvious topographic feature and one that
may have retained some prominence in later periods.
No obvious traces of a palacosol survive over the gravel, and it appears as if there
was either a general erosive event across the site that stripped the Early Holocene
deposits, or simply that it was not an accrcting environment at that date. Peat or organic
muds formed across the site above the gravel terrace at vaiying altitudes ranging from-S
6.17m OD in BH1 to -2.88m OD in BH4. The formation date for this deposit is
variable, with 5300-4850 cal BC at the lowest altitude and a gap of approximately a
thousand years before the organic mud in BH4 developed, from 4300-4000 cal BC, but
at a higher altitude in this location. It is possible that there is no clear trend in age against
altitude across the site with the date from BH4 being inconsistent owing to the raised
altitude. Furthermore, the peat in BH1 (closest to the river) began forming from 4500-
4200 cal BC whilst it might have reasonably been expected to begin formation later than
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the peat further away from tlic river, although it could be bcing forced by a rising
watcrtablc associated with RSL rise. Nevertheless, the peat in BH8 also forms at
approximately the same date as that in BH4 (4300-4000 cal BC), but 0.5m deeper. There
arc likely to have been problems of differential peat compaction across the site reflecting
the riability in the altitude of the gravel. Nevertheless, it is possible to say that the l)eat
fonnation occurred relatively consistently across the area from the Late Mesolithic
J)Cflod.
Several of the borcholes contain two peat horizons, but the more common pattern
is for the formation of one large peat l)cd. 'Where there are two (BH2 and BH6), they are
in the centre of thc site and possibly affected by an infilhing early palaeochannel;
furthermore, the lower peat is quite thin, and certainly, on the basis of the pollen in BH2
(see Figure 62), seems to reflect initially an alder carr, which formed wider a
predominantly freshwater regime. This might reflect conditions in and adjacent to an
abandoned channel. However, diatom samples from the top of this lower peat indicate
that by this date the Site IS in contact with the estuary, suggesting a fairly rapid ecological
change. The subsequent break in organic formation in the centre of the site may reflect
re-activation of a north-south palacochannd, becoming a tidal creek, which subsequently
led to localized mineral sedimentation only found within the area of the channel. This
could explain why no break in organic formation is seen elsewhere at this leveL The peat
remains wood-rich throughout, with the pollen record from BH2 indicating consistent
alder carr with mixed deciduous woodland nearby. However, diatom samples Within the
peat show thc site remained in contact with the estuary and was subject to inundation of
brackish water, indicating that the peat formed under conditions of locally rising RSL
The peat appears to cease forming across the site between -345m (BH3) to -1.57m OD
(BH4), with a date of 2300-2000 cal BC in BH4.
The organic muds abovc the peat contained few diatoms, but those present
in(lica(e continued domination by thc tidal Thames, probably with extensive mud flats
and some low mardi. This is particularly clear at thc southern edge of the site. The pollen
record shows possible cdcncc for clearance and agriculture nearby, and local alder can.
Thc date for the submergence of the organic mud is slightly unclear with ranges from
c.1700-1300 cal BC at -l.7m OD and 800-400 cal BC at -2.2in OD. The presence of
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purely mineral sc(Iimcnt over the site in all locations indicates that by the Bronze/Iron
Agc transition, the entire area was submerged and probably in-channel, at least north of
BH4 and BH3.
The st.ratigraphy at Gallions Reach has proved to be relatively simple, with the
Shcpperton Terrace scaled initially I))' freshwater sediment with a gradually strengthening
maniie signal changing to peat formation in the very Late Mcsolithic. There is some
variation in the peat deposits across the site, with a period of interruption in one location,
thought to have occurred as a result of palacochaniicl re-activation. The l)eats, although
indicative of well-developed wetland communities, remained in contact with the estuary,
suggesting a period of continued (but reduced) RSL rise. The replacement of the peats by
organic estuarinc muds shows an increase in the rate of RSL rise from approximately the
end of the Neolithic, c. 2400 cal BC. The area then appears to have remained on the
boundary of the wetland/intertidal interface for much of the Bronze Age until the site was
finally inundated in the Late Bronze Age/Early Iron Age.
Stratigraphically, the sequence is similar to that recorded by Spurrell (1885) at
Crossness where he defined an organic rich gravel alid two peat horizons, with the estuary
haing reached the site bcforc l)eat formation. Devoy's (1979) logs are more complex but
the general trend and dating arc comparable with the sequence from Gallions Reack
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Chapter 7. North Woolwlch Pumping Station, London Borough
of Newham, E16 (TQ 4345 7985)
7.1 Introduction
Site Location
North Woolwich Pumping Station (code WW-PS93, GLSMR 062294, 1 on Figure 63) is
located on the north bank of the River Thames to the west of the Royal Victoria Gardens,
adjacent to North Woolwich railway station in the London Borough of Newharn (see
Figure 63). North Woolwich is bounded by the Thames to the south and east, by the
King George V (2 on Figure 60) dock to the north and Silvertown (3 on Figure 63) to the
west. Thc modern setting is given over primarily to industrial and transport facilities, with
industrial estates and warehouses in the vicinity, in addition to a train line, the Woolwich
ferry terminal and the London City airport (4 on Figure 63). Prior to development, the
site was a disused goods yard associated with the railway. The development scheme here
was to construct a water pumping station and pipeline.
Previous Research
North Woolwich has shown a consistent sedimentary sequence consisting of Pleistocene
gravel (Shepperton Terrace) at c. -Sin OD overlain by interdigitating organic (often
described as 'woody peat') and mincrogenic deposits sealed beneath several metres of
modern overburden. Spurrell (1889) noted oak, yew, hazel and birch trees recovered
from pcats excavated during the construction of the Royal Albert Dock (5 on Figure 63)
along with Bospiiiniçtnius, C.stor fiber (beaver) and Capreolus capreolus (roe deer).
Recent work at 145-55 Albert Road (Spurr 2001, 6 on Figure 63),just to the north east of
the site found such a sequence with gravel overlain by organic muds and clays daring from
c. 6000 to 3000 radiocarbon years BP. Elsewhere, possible palaeochannels within the
1-lolocenc sediments have been inferred running to the east of the pumping station site
(Tnicklc and Taxnblyn 1990. A project at Bargehouse Road (Corcoran 2001, 7 on
Figure 63) to the east I)roPoscd a model of Late Mesolithic wooded soils forming over the
Pleistocene gravel which were sealed by alternating peats and inorganic sediment thought
to represent alder carr and mud flats. The sequence is believed to persist here until the
late mcdicvaI/post-mcdic'al period when the area was inundated by the River Thames
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once more. Small areas of high sand and gravel have also been observed within the
general area, notably at Fort Street, Silvcrtown (Crockett et al. 2003, 8 on Figure 63) and
at Woolwich Manor Way ('VVhittakcr 2001, 9 on Figure 60). The sequence at both these
sites reflects the general trend of gravel sealed by a combination of organic and inorganic
sedimentation.
Only limited investigation of RSL change has occurred in the area. Work thus far
has centred on Silvertown urban village (Wilkinson et al. 2000, 10 on Figure 63) and is
discussed in Chapter 8. At Bargchousc road (Corcoran 2001), it has been suggested that
the alternating peat and mineral sediment represent oscillations in RSL, with the
sequence starting to form c. 6800 radiocarbon years BP. The investigations at Woolwich
Manor \Vay (Whittaker 2001) suggest that the minerogenic sediment within the sequence
formed under rising sea level, but the data are not analyzed in any detail.
dli:	1TI! rmflhiT
1 North Woolwich Pumping Station 4345 	 7985
2	 King George V dock	 4275	 8030
3	 Silvertown	 4125	 8000
4	 London City Airport 	 4275	 8049
5	 Royal Albert Dock	 4275	 8060
6	 Albert Road	 4325	 7990
7	 Bargehouse Road	 4380	 7990
8	 Fort Street	 4077	 8020
9	 Woolwich Manor Way
	
4249	 8220
10	 Silvertown Urban Village	 4050	 8035
11	 Royal Victoria Dock	 4075	 8055
12	 Beckton	 4270	 8200
13	 Milk Street	 4320	 8010
Table 20. Sites shown on Figure 63
lie area's heritage is currently protected through designation as an archaeological
priority zone designated with the Ncwham UDP. Chance finds from the area include
Palacolithic handaxes (GLSMR 060582, 060581) from the Victoria (11 on Figure 63)
Dock construction to the north and a Bronze Age paistave and 'rapier' from the Royal
Albert Dock (GLSMR 061759, 061751). Relatively lithe excavation has been undertaken
in the area, but what has been recovered is highly significant.
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Current work oii the A 13 at Woolwich Manor Way (Whittaker 2001), c. 1 .5km to
the north of the pumping station site has revealed an Early Neolithic site, with features,
ceramics (Mildcnhall Ware), struck flints (including an arrowhead, several scrapers,
pierccrs and flakes) and large quantities of cereal grain, all on a slightly elevated piece of
ground above the floodplain. There is also a mid- Bronze Age phase with trackways,
worked wood and a possibly curated Beaker. To the west, at Fort Street, Silvertown, an
excavation revealed a Neolithic timber trackway of alder and ash plank construction
(Crockett ct al. 2003) found within Neolithic peat. Although a number of Bronze Age
trackways arc known locally from Bcckton (12 on Figure 63), a Neolithic one is extremely
rare. Ceramics and worked flints were also associated with the structure. At Bargehouse
road, Corcoran et al. (2001) suggest that an undated prehistoric timber trackway may have
been present on the site ate. -4.Om OD based on a large quantity of roundwood within
one of the borcholes drilled on site. Roundwood trackways are known from Bronze Age
deposits at Bcckton, to the northeast. Cereal pollen was also recorded within the peats
here, suggesting local arabic cultivation. Such pollen was also recovered from Albert Road
(Spun 2001) and again concluded to represent ailtivation nearby, rather than directly on
site.	 -.
Roman occupation deposits and debris have been found to the northeast of the
site at Milk Street (GLSMR 062640) (Corcoran 2001) (13 on Figure 63) and atWoolwich
Manor \Vay (Whivakcr 2001). A Roman canoe (3 century AD) (GLSMR 060208) was
recovered during the construction of the Royal Albert Dock in the 19th century, Spurrell
additionally noted Roman black pottery and Samian ware, with food debris and tiles at
approximately 3m below surface in the 1878-9 period of dock construction. Evidence for
medieval manor houses has been discovered near to Albert Road (GLSMR 061803),
thought to be part of the manor of Harnmaih, owned by \Vestminster Abbey. This
appears to have been destroyed by floods in 1236 (Powell 1973). There is further
cdcncc for a later me(licval settlement in North \Voolwich, until it was flooded in the
early l5 century (Truckle and Tamblyn 1994). Brick fragments at the top of the peat/clay
interface at Albert Road arc considered possible evidence of this settlement (Spun 2001)
whilst medieval ditches have been discovered at \Voolwich Manor Way (Whittaker
2001).
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The Project
An archaeological project monitored the removal of sediment from a substantial coffer-
dammed area prior to location of new pumping machinery and a pipeline. An
archaeological condition was placed upon the works, with allowance for sampling to
reconstruct the palaeoecoiogy and depositional environment of the site, as well as to
examine any th situ archaeology. The samples were collected from an intact sedimentary
stack (see Figures 65-67) using overlapping stainless steel monolith tins.
Figure 65. Section at North Woolwich Pumping Station (2m scale)
Preliminary examination of the sequence indicated a complex depositional cycle,
with peats, silts and organic muds overlying the basal gravel, whilst an assessment of the
microfossils indicated reasonable preservation of diatoms and pollen. Initial radiocarbon
assay showed a relatively long-lived sequence of c. 3300 years with an apparent hiatus
between the gravel and the first organic sedimentation.
On the basis of these initial findings, the site was selected for analysis to examine:
+ The sedim entaiy processes aamg upon this site
+ The vee1ation liistozy and depositional environments present on site
+ Mid-Holocene sea-leiv1 tendencies in this location
•:• 1ether the site compares with the Devoy (1979) modd
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Figure 66. Upper samples in section at North Woolwich Pumping Station
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Figure 67. Lower samples in section at North Woolwich Pumping Station
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7.2 The Sequence
The sequence consists of Pleistocene gravel sealed by two substantial organic bands
interdigitating with three minerogenic bands. At the interfaces between the mineral and
organic, organic muds are present (see Figure 68). Full details may be found in Appendix
4.
NORTH WOOLWICH PUMPING STATION (TQ 43457985)
LITHOLOGICAL DIAGRAM
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Figure 68. North Wotwich Pumping Station Iitho!ogical diagram. See Figure 91 for key -	 191
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North Woolwkh diatom diagram
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Figure 69. North Woolwlch Pumping Station diatom diagram
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Sands and gravel of the Shcpperton Terrace underlie the site at c. -5.Om 01)
(see Appendix 4, Lithology. Thcre is no evidence for a palacosol on the Pleistocene
gravels; rather a fining upwards sequence within the top of the sand and gravel suggests
that the site was located mainly within the Devcnsian river channel. Evidence from
elsewhere in the Thames suggests that a decrease in flow rates, probably dathig to the
Early Holoccne followed the gravel accumulation of the Devensian Late Glacial
(Wilkinson et at. 2000).
The gravels arc sealed by a silt-clay containing gravel clasts almost certainly
derived from the Shepperton Terrace. The sequence demonstrates a fining up trend
from this point and for the first time small amounts of unidentifiable organic material is
incorporated within the mineral deposit. Iron staining was noted at this level, and may
indicate that the site was exposed to sub-aerial weathering at this point. This could also
reflect a hiatus in the sequence. However, the characteristics of this minerogenic group
change, with a coarsening of the sediment type and Further gravel clasts embedded within
a clay-silt. Unfortunately, only a few diatom valves were preserved within this deposit
(Plan ulazia sp. and Pseudopodosia wcsil (see Appendix 4, Table 66). Such small
numbers suggests harsh preserving conditions, and the combination of these two species,
which apparently reflect freshwater and marine conditions, is unusual.
The mineral deposits are sealed by the first organic deposit, recorded above -
4.74m OD and initially consist of an organic mud, with silt-clays, degraded undifferentiated
organic material and also a reasonably well-preserved wood component. The lowest point
which yielded enough material (c. -4.5m OD) dated to 5650±80 BP (Beta 103112; 4690-
4340 cal BC). This date supports the suggestion of a break in sequence between the
deposition of the gravel and this point. Magnetic susceptibility values (f) are low within
this deposit (see Appendix 4, Figure 62), correlating with the inwash of mineral sediment.
Analysis of pollen samples from this level (see Figure 70 below) to the contact with the
subsequent sedimentary deposit has shown the predominant contemporary environment to
be an alder carr with hazel (see Appendix 4, section 4.3). There is also evidence for elm,
oak and lime woodland, but presumably slightly to the north on drier ground. This is likely
to be on the East Tilbumy Marshes Terrace, mapped c. 2km to the north on the British
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(;eological Survey 1:50,000 shcct 257. TIlic presence of elm within this woodland
corninutilty is important, as this record is a relatively late occurrence. In the London basin
elm decreases dramatically from e. 5500 BP (termed the primary elm (lcclinc (see Siddll Ct
al. 2000, chapter 8)). Pine was also present and this is significant in that it is not generally
recorded within the London flora at. this stage within the 1-lolocene. Usually it is recorded
only in the Early Holocene (Rackham and Siddll 2000) and has disappeared by the Late
Mesolithic. Interestingly, it is also noted from Albert Road, slightly to the northeast (Spurr
200 1) at this date. The alder carr developed in a period when the main channel briefly
migrated away from the sampling site enabling vegetation to expand locally. The percentage
of organic carbon does not exceed 70% within this deposit (see Appendix 4, Figure 163),
which formed rapidly with the radiocarbon dates for the top and bottom being statistically
indistinguishable.
A thin band of silt clay within the peat contains a low proportion of organic detritus.
The interface between these deposits (c. -4.lm OD) dates to 5800±70 BP (Beta 103111;
4830-4460 cal BC). The Xr values drop from the previous deposit and therefore continue
to be very low. Diatom samples (14-19, -4.01-3.91m OD) from this interface show much
better preservation than encountered lower down the profile. The lowest sample is
dominated by Nitzschia navicularis and Paralia sulcata with a reasonable amount of
Pseudopodosija westh A series of Cyclotelia sp. valves were identified but too damaged to
be confidently assigned to species level. Nevertheless, these species indicate that deposits
associated with tidal conditions accumulated during the Late Mesolithic. The ecological
groupings of Vos and de Wolf (1993) to which these species belong include the Navicula
diçftoradiata group; i.e. benthonic, epipelic species potentially indicating local clayey
sediments of the intcrtidal/subtidal zone. Diploneis didjnia as well as Nitzschia naviculails
was found here and is a representative of this grouping. A second ecological group
indicated at this interface is the Paralia sulcata group of marine planktonic and semi-
planktonic, representing marine littoral and tidal inlet and channel environments. In
addition to a significant presence of P. sulcata (nearly 25% total valve count), this
assemblage also includes Pseudopodosim westh The Cyclotdlla striata group is also
represented (estuarine plankton of tidal channel environments) with C. stnata, C.
incncghiniana and Cyc/otdia sp. making up a fifth of the assemblage. There are a few
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valves of Pinnulajia present and although they may be derived, there is a possibility that
they represent local freshwater input, or exposed mudflats above the tidal limit. overall, the
assemblage appears to indicate sedimentation on tidal flats with some possible freshwater
input.
The situation changes with sample 17; the P su/cata group species obtain over .5096
of the total valve count whilst N. na'ieu/aris and the C. süiata groups decline against this.
This may show some fluctuation in the location of the intertidal zone at this point, although
the increase of P. sulcata could possibly be explained by salt marsh expansion. Although
not fully counted (owing to poor preservation), the two remaining samples across this
transition indicate a continuation of N. nay/cu/ar/s and C. stilata dropping in relation to the
P. sulcata group signaL The increased damage to diatoms and the changing sedimentary
conditions may support the suggestion of wetland expansion indicated in the sedimentary
record.
The pollen samples from this deposit show a sharp decrease in Alnus, which can be
accounted for by the change in sedimentation (from broadly semi-terrestrial to estuarine)
above -4.lm OD. The appearance of Chenopodiuin type and Cyperaceae indicates that
although the environment was much wetter, there was still the possibility of local
vegetational development, although the river may have washed these in. Interestingly, the
arboreal element of the spectra continues relatively unchanged with elm, oak and lime, with
pine still part of the assemblage.
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The site seems to have been in an inter- or sub-tidal posiboil for several hundred
years until the next substantial semi-organic semi-terrestrial surliice starts forming at the
Mcsolithic/Neolithic transition. From c. -3.6m OD, the sequence reverts to organic
sedimentation, consisting almost entirely of huinified organics with only a few traces of
wood. Some line grained clastic material was present in the lower levels of this organic
deposit, but this gradually ceased with the development of a fully organic sediment, initially
composed of degraded material and large quantities of wood, which persist for c. 150mm
when the peat changes to a reed-dominated deposit to c. -3.4rn OD. Pollen data indicate
that the alder carr expands with further evidence for drier ground nearby supporting
clrn/oak/hazeVlirne woodland. The continuing presence of elm is important because it is
from this date that the species begins to be eradicated from the pollen record across
London. This is considered to be a result of initial woodland clearance by the human
community and subsequent devastation by the elm bark beetle, ScoJjus scolytus (Girling
and Greig 1985; Girling 1988).
This is succeeded by a further change in sedimentation to waterlain deposits; a silt-
clay with small amounts of humified organic matter, woody fragments and sand. The
contact to these minerogenic deposits is gradual and non-erosive, but the small organic
traces within the mineral matrix are likely to have been redeposited from these or local
organic beds. The contact between the organic and mineral sediment at this altitude (c. -
3.4m OD) dates to 5510±70 BP (Beta 103110; 4490-4170 cal BQ. The organic muds
demonstrate a fining up tendency, suggesting that the velocity of flow that lead to the initial
inundation was not maintained. More organic mud starts forming from c. -3.lm OD;
roughly half mineral, half highly degraded organics. The X'a1ues are erratic throughout this
deposit, although they are all low. It suggests that there is much variation on a micro scale
c&responding with the organiclminerogenic fluctuation. Diatom samples from this altitude (-
2.98-2.95m OD) indicate estuarine conditions; the Navicula di8itoradiata and Pardha
suk(a groups of Vos and de Wolf (1993) form over 80% of the assemblage in the lowest
sample, with a small proportion of Cyclotdlla species. However, Cyclotella striata increases
dramatically in the upper samples, which may indicate a reduction in intertidal mudflat type
environment and a likely submersion of the site.
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The organic component within the sedimentary sequence increascs from e. -2.9mn
OD. The values show that somc mineral sediment is present throughout as values arc
comparable with the previously mineral dominated sediment and do not get close to zero,
which are values more typical of totally waterloed degraded organics. Pollen samples
indicate that alder dominates, whilst cereal type I)olIeII and Plantago la.riceolata grains were
recorded from -2.92m OD in conjunction with a woodland element. These are not likely to
represent on-site growth, but nearby vegetation. The main point of interest in the l)011efl
record from this level is the cereal pollen, which may indicate the presence of a local
human community that has cleared areas of land and given them over to amble cultivation.
Although this has not been directly dated, it is likely to have occurred in the middle of the
fourth millennium cal BC on the basis of the dates above and below this level in the
sequence. This is relatively early for London where much cultivation does not appear to
begin until the Bronze Age (Yates 2001).
The evidence from the diatom record indicates that once again the Navicula
digitoradiata and Par€zlia sulcaLa groups are about equally represented, whilst the Cyclotelia
striata group species again only form approximately 10% of the assemblage. This organic
mud is sealed by inorganic silt-days and then once again more organic mud to c. -2.4m
OD. Woody fragments are present within these muds. Only a few diatom valves were
found; presumably a result of poor preservation. The species represent tidal conditions (for
instance Pseudopodosira westh2 but no detailed inference may be drawn.
This phase of sedimentation persisted for between 300 and 1400 calendar years
when the second major organic deposit starts forming at c. -2.4m OD, dated to 4640±70
BP (Beta 103109; 3630-3100 cal BC). The deposits are highly degraded, although wood
aid some plant fragments are recognizable. Samples from the lower part of the peat were
examined for diatom content but preservation was very poor with only a few valves
observed. These again indicate marine/brackish conditions with species such as
Pseudopodosiia westii, Ni(zcchia nacu1ath and Para/ia suJcata, possibly suesting local
mud flat and salt marsh formation; however, no conclusions should be drawn from so few
valves. Preservation of the organic material improves up the profile, with stems and
rhizomes of herbaceous and woody plants visible. Some iron staining may be indicative of
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some oxidation afl(l drying within this peat, which is over a metre thick. It is sealed from c.
-1.lm OD, by an organic mud thai. is degraded, although woody fragments were observed.
The contact between the peat and the overlying organic mud was dated to 3060±70
radiocarbon years BP (Beta 103107; 1440-1 130 cal BC) indicating the phase of peat
formation was long-lived; in the order of 1100-1700 years. Pollen from the organic muds
suggests increased ground water levels with a significant increase of Piendiurn aquiiiiium
(bracken) and Ciwnopodium type. However, cereal type, Poaccae and PIantav Jan ceolata
also increased, to the detriment of the arboreal taxa. Sampling ceased at this point owing to
modem contamination within the upper deposits, which were noted as grey silt clays.
7.3 Site Summary
The sedimentaiy history is relatively complex at North Woolwich, with a fluctuating series
of processes driving sedimentation. These range from initial (Mesolithic) mineral
sedimentation thought to derive from the Thames, probably under freshwater conditions,
to Late Bronze Age estuarine sedimentation with intervening periods of semi-terrestrial
alder carr development (see Figure 71).
The first evidence of sea-level movement comes with a transgressive overlap dated
to 5800 BP at -4.lm OD. This continued for several hundred years until a series of
organic muds and peals formed, interleaved Within estuarine mineral sediment. There is no
evidence for an actual drop in river level and it may be that the organic deposits represent
the major phase of estuary contraction identified by Long et aL (2000). This has been taken
to indicate a drop in the rate of sea-level rise but not a drop in actual sea level relative to the
land. The lack of freshwater diatoms throughout the sequence at North Woolwich suggests
that the trend was of an upward movement, but with oscillations in the rate. 	 -
There i5 a significant break in the middle of Neolithic organic accumulation lasting
for at least 300 years which seems likely to have occurred as a result of rising relative river
levels. If so, this phase could be seen as a period of accelerated relative river level rise,
slowing in the Late Neolithic, as shown by further sea-ward expansion of the peat beds
which lasted for over a thousand years before river levds before a final transgressive overlap
in the Late Bronze Age.
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Chapter 8. Silvertown Urban Village, Royal Victoria Docks,
London Borough of Newham E16 (TQ 4050 8035)
8.1 Introduction
Site Location
The site (code BWC96, GLSMR 062650) is located in Silvertown on the north bank of
the Thames (1 on Figure 72), east of the Greenwich peninsula (2 on Figure 72) and
directly to the south of the Royal Victoria Dock (3 on Figure 72). It is bounded to the east
by Fort Street (4 on Figure 72) and to the west and south by Silvertowri Way and North
Woolwich Road (5 on Figure 72). The development where the cores were taken was
within the Silvertown Urban Village and the specific estate is known as Bamwood Court.
Previously the site was used for warehouses whilst the general area has been heavily
industrialized, with docks directly to the north and factories, an oil depot, a brewery and
sugar refining all occumng in the immediate vicinity. The area is currently being re-
generated with housing, sports facililies and an exhibition centre but with little riverside
development to date.
Previous work
There has been relativdy little investigation of the stratigraphy in this area. An antiquarian
sour(e describes sections in the Royal Victoria Dock as containing over three metres of
peat reaching nearly to the gravel, as well as many trees (Blandlord 1854). Geotechnical
surveys carried out in advance of house building at Silvertown urban village suested the
presence of two peat dcposits, which were correlated with Devoy's Tilbury IH and 1V
(Hawkins 1995). A borehole evaluation on North Woolwich Road (GLSMR 066642)
proved a sequence of estuarine clay silt tentatively dated to the Roman and post-Roman
period (however, no absolute dates were obtained and the period is suested on the basis
of the pollen) (Kedey Ct al. 1997). Two borchoics were drilled by the Geoarchaeology
Service Facility (GSF) at Fort Street (Pine 1994) which encountered gravel at between -
2.25 and -4.Om OD overlain by sands, in some places, up to 2.Om deep. Peats and
organic muds occurred between -3.6tn OD and 0.lOm OD, overlying the sands.
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Interestingly the basal contact to the sands drops from south to north, i.e. away from the
river. Fine gained mincrogcnic deposits overlie the peats and are truncated by the modem
overburden. The peat sequence here dates to the mid Holocenc, 4470±70 BP (Beta
76205; 3360-2920 cal BC, -2.1-2.Oin OD) and 3390±90 BP (Beta 76206; 1920-1450 cal
BC, -0.8-0.45m OD). The subsequent excavations at Fort Street (Crockett et al. 2002)
conlumcd this sequence. Another phase of development at Silvertown urban village
uncovered a sequence of mid Holocenc peat and organic muds, which have also beeii
correlated with the Tilbury III phase of the Devoy (1979) model, whilst later silt clays
were (lated to the Late Iron Age (GLSMR 062650, Farid 1997).
No significant work has been done on reconstructing sea level from data gathered
in this area. As noted above, several archaeologists have correlated their sequences with
the Devoy (1979) model, but this has not involved thorough analysis but has simply been
done on the basis of finding large peat horizons, often undated and without reference to
the biostratigraphy.
Table 21. Sites shown on Figure 72
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Chapter 8. Silvertown Urban Village
There is no archaeological tradition in this area, probably a result of the heavy
industrial USC of the area. Isolated artefacts have been found, such as several Palaeolithic
axes rccovcrcd during construction of the Royal Victoria Dock (GLSMR 061758,
060582), a Bronze Age paistave also from the dock construction (GLSMR 061759), along
with less well provenanced material including a medieval bowl from the Thames
(GLSMR 108000). Recent excavations at Fort Street. directly to the east of the Barnwood
Court complex, revealed a plank built Neolithic trackway (GLSMR 062137) (Crockett et
al. 2002) running north south on a sand bar. Later Bronze Age pottery and flint was also
found. This is a rare and unusual find in that the London prehistoric trackways are
generally Bronze Age and not plank-built (Meddens 1996). With regard to the historic
period, there is very little available information, with limited records of an early medieval
manor house (Sudbury alias abbey place) (GLSMR 061790) just to the northeast of the
site (Powell 1973), which persisted until at least the 16th century.
The Project
An archaeological project was undertaken in the summer of 1996 to evaluate the land in
advance of housing development. Seven boreholes were drilled (BH1 was abandoned
due to contamination) using a cable percussion shell and auger rig (see Figure 74).
U4/l 00 samples were collected from seven boreholes, from undisturbed sequences. The
location of all borcholes was recorded and leveled in. The samples were sealed and
transferred to the Museum of London.
An assessment (scnsu MAP2) was carried out which indicated relatively complex
stratigraphy of peats and watcrlain silt clay across the site. The initial radiocarbon dating
showed some Early Holocene sedimentation, a rare survival in the central London -
floodplain. A further unusual survival was some medieval deposits; such late material is
often hcavily tnmcatcd by modem intrusions such as basements and services. Assessment
of the biostratigraphy showed very poor diatom preservation but reasonable pollen
survival. On the basis of the assessment, the site was selected for inclusion in this project.
but the terms of the commercial project and planning condition required conventional
publication, which was recently finalized (V,Tilkinson et al. 2000). The criteria for
inclusion in this thesis were:
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• The ceninil position relative to other sites in the project
• The lary iiuinbcr ofsarnpks and complex stiitiphy
• Late Dcvcnsian7Early Holoccnc sediments gñ rig a longer sequence than usually
cncouiitcrcd
• The opportunity to examine Holocene sea -Ic ye! tendencies
• Good chronological data
• Reasonable biological preservation
8.2 The Sequence
The cores were all described and then BH8 was selected for detailed lithological and
pollen analysis (see Appendix 5 for details). The general sequence is of Pleistocene gravel
overlain by Early Holocene peat, a hiatus to mid Holocene peats and then later silt clays
with a sand bar at the eastern end of the site. A localized thin peat dating to the medieval
period was also found below spoil from the dock construction.
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BH2
ihc UJ)C surface oldie Shcpperton 1CITlCC occurs at c.-3.46m 01) and coilsistS of
sand and gravel with some silt an(l (kgradcd organic matenal in the upj)erinost levels, at c.
-3.2in 01) (sec Appendix 5, Lithology). This organic material dates to 5660±100 BP
(Beta 93689; 4770-4330 cal BC, -3.30 to -3.2Gm 01)) (see Appendix 5, Table 76), the
later Mesolithic, which sucsts a hiatus in deposition from the Devensian when the gravel
was lain down. It is sealed by a sIlI)stanQal peat deposit; highly degraded with only a few
woody fragments and a low proportion of mineral sediment. The upper levels were
weakly laminated with an upward increase in die mineral coiitenL From -1.91m OD the
sequence becomes mineral dominated with some degraded woody fragments and
undiflerentzated organic matter within the matrix. The lower mineral deposits were
weakly laminated, showing a continuation from the laminated sediments in the underlying
peat horizon, sucsting that die change in formation occurred very gradually in a low-
energy environment. A scan of pollen from between -3.26 and -1.47m OD indicates
reasonable preservation with trees and shrubs being the dominant classes of vegetation
present (sec Appendix 5, 5.3 and Figure 77). Key species include Quercus, TI/ia, Alnus
and Coiylus avclla.na type with lesser representation of Be/u/4 Pinus, U/nius and
Fraxinus. Cereal is present at -2.75m OD along with Plantago Janceolata and Poaceae,
which may indicate cereal cultivation being undertaken nearby. Although no date is
available at this level, it falls between die Lae Mesolithic and Middle Bronze Age; in
depth it is closer to the Mesolithic horizon and could potentially represent Neolithic
cultivation. U/mw reaches a peak at -2.04m OD and is only sparsely present thereafter,
potentially this could indicate the primary elm decline, which has been tracked across
London at c. 5500 BP (Sidell et al. 2000). A radiocarbon date was obtained (-1.45 to -
1 .4Dmn OD) from organic material to examine accumulation rates, giving a result of
2630±60 BP (Beta 93688; 930-540 cal BC) placing this into the Late Bronze Age/Early
Iron Age transition.
There was a hiatus iii the sequence at this point, with oxidized clay silts present
from -0.88in OD. Small amounts of degraded organic material were incorporated
towards the top of this deposit, at +0.G5ni OD. The organic content gradually increases
from this point, but does not persist beyond +1.O8in OD where a slightly coarse mineral
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(leposit was recovered (colitact was unfortunately lost in the cutling shoe, so it is unknown
whether this was an erosive contact). The coarseness of the mineral component increases
to the extent that some gravel was rCcoVerc(l Within the matrix. From c. +1.4m OD the
deposit becomes more fine grained and contains degraded organic traces and a large
Piece of wood, again in a poor state of preservation and truncated by the modern fill. A
ra(hOcarbOu measurement was obtained for the piece of wood but appears to be
anomalous at 4'k50±70 1W (Beta 93690; 3350-2920 cal BC) indicating some reworking
within the sequence. A pollen assessment indicates similar SpeCieS and percentages to the
lower peats in this borehole and it is 1)0SS1b1C that the deposit is dumped spoil from dock
construction (this borehole is very close to the Royal Victoria Dock).
BH3
The contact with the Shcpperton Terrace is at -2.325m OD and is overlain by a black
woody peat with a low clay content some moss was preseni, suesting that although
occasionally flooded, the surface was largely terrestrial with moss growing in a wooded
environment, possibly on trees. The peat was sealed at c. -2.Om OD by thin mineral
band and then an organic mud containing highly humified organic debris and some wood
fragments. The organic content increases although i remains highly humified. The
mineral content increases at -1.24rn OD, indicating increased frequency of flooding
across the site. The final deposit in this borehole is a silt clay; the organic content has
completely disappeared, indicating that by this point the site is inundated more or less
continually, nevertheless, iron staining in the clays suests that it is periodically exposed
allowing oxidation of the sediments to occur. Modern fll is present at +0.1 lSm OD.
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BH4
Sand and gravel of the Shiepperton Terrace was present below -2.48m OD, containing
Some W(X)d fragments as well as a small proportion of clay silt. It was immediately
ovcrlain by a 'cry dark l)rown, pnmnanly orgailic dcposit, almost entirely humilied but
with a few traces of hierbaceous plant fragments. Two radiocarbon measurements have
been obtamed from ibis deposit to establish the date and examine the rate of formation.
The lower contact (-2.18 to -2.l2mii 01)) gave a result of5120±100 BP (Beta 93687; 4230-
3690 cal BC) whilst the subsequent sample (-2.12 to -2.08m OD) dated to 1820±70 BP
(Beta 93686; 3760-3370 cal BC). This pcaty sediment persists until -I.83m OD where it
was sealed by 50mm of silt clay with no obvious inclusions. Neither the upper or lower
contacts of this silt clay showed sign of erosion. Organic sedimentation resumes at -1.78m
OD, but with a higher mineral component than prior to the flood event, suggesting that
the site flooded with greater frequency than before, leading to the formation of ormic
mud with a low proportion of humificd material and occasional wood fragments. This
deposit persists to -O.84m OD where it is sealed below modern overburden. The upper
contact of the organic mud dates to 3700±70 BP (Beta-93685; 2290-1880 cal BC); the
Early Bronze Age.
BH5
Gravel is present below -2.8m OD and is ovcrlain by black peat composed of highly
humnificd material with occasional fragments of wood and herbaceous plants. Small gravel
clasts and sand arc present at the contact between the gravel and peat. The lowest datable
material (-2.77 to -2.75m OD) gave a result of 5430±80 BP (Beta 93684; 44.50-4040 cal
BC). This points to a signilicant hiatus in the sequence as deposition of the Shepperton
Ten-ace is thought to have occurred between 15-10000 years ago (Gibbard 198.5). Peat
formation persists to c. -2.Omn OD when an organic mud was deposited, with increasing
mineral content up the sequence to the detriment oldie humified organics. The mineral
sediment is sealed by modern fill at -1.15m OD.
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BH6
'lile top of the gravel terrace is at -2.52ni OD, overlain by degraded wood, which is in
turn scaled by a hurnificd peat, the base of which was dated to 4750±70 BP (Beta 93683; -
2.52 to -2.47m 01), 366o-33(;o cal BC). 'There is a low mineral content within the deposit
at this level (-2.49in OD) that increases up the pro[c. From c. -1.9m OD, the organic
content is very low and the deposit is almost entirely waterlain silts with occasional woody
fragments and traces of degraded organic matter. Several thin lenses of hurnified organic
material asc p resent, at c. -1.82 m 01) and c. -1 .6in OD. From -1 .54rn OD, the (lCpOSit
coarsens, suggesting a higher energy of flow across the sampling site. This does not persist
and the deposit fines up and exhibits iron staining from this point, possibly indicating that
the site bccamc exposed as the depositional processes changed, with slower accumulation
of silts across the site. This deposit persisted until c. +1.75m OD where it is truncated by
mO(lcrfl fill.
There is a small amount of woody material present within the overall mineral
matrix of the fast sealed deposit and two radiocarbon dates were obtained to establish a
chronology and examine accumulation rates, firstly 3700±50 BP (Beta 93682; 2280-1940
cal BC, -1.12 to -1.09m 00), the Early Bronze Age: The second was 750±60 BP (Beta
93681; Al) 1160-1400, ^0.76 to --0.79m OD). This last date is important as historic
period dates arc rare within floodplain deposits in London, mainly owing to the lack of
organic sedimentation at this date and the difficulty of dating the minerogenic deposits. A
sample for pollen assessment at ^0.80 to +0.82m OD showed conifers present and,
although unusual, may represent plantations to provide timber for the City of London,
which was expanding rapidly at this time. Cereal is also present in large amounts and
doubtless reflects lood arabic cultivation. Wetland species such as Tjpha latifolia and
Osinuna'a rgilLc (roil fern) show that the site was still influenced by local waterbodies at
this date, and the presence of Chcnopodiaceae, Ain/ex (orache) and Saiicornia
(glasswort) indicate that some of this water is coming from the tidal Thames.
BH7
A thin layer of organic mud overlics the gravel terrace at -1 .35m OD. The organic mud
contains traces of wood. More mineral-rich sediment replaces this from -. 1.29rn 00, with
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some IraCCS of highly dcgra(lcd orgaiucs and some wood fragments. This base of this
mineral deposit dates to 5180±70 1W (Beta 93680; 4230-3790 cal BC, -1.27 to -l.3Oin
01)); the Mesolithic/Neolithic transition. It fines upwards, but no bedding was observed.
From -1. [Sm OD, the organic content increased substantially, leading to peat formation.
This (lcposit was almost a metre in thickness; it may have been thicker but there was a
hiatus bctwccn U4/100 cores at this point. The to!) of what was recovered dates to
3160±70 1W (Beta 93679; 1610-1250 cal BC, -0.18-15m OD), i.e. the Middle Bronze
Age. Deposition changes from +0.5m OD where clay silts were recovered, interleaved
with a thin peat and occasional thin organic muds with iron staining, possibly indicating
some penods of sub-aerial weathering. This sequence of clay silt with occasional organic
deposits persisted to +2.47m OD where it was sealed below modern overburden.
BH8
The Shcpperton Terrace occurs below -2.63m OD and consists of sand and gravel,
mollusc shell and some plant material (figures of up to 8% organic carbon were obtained
from these horizons). Two radiocarbon dates were obtained from the plant material in
these gravel deposits: 10310±90 BP (Beta 101867; 10840-9740 cal BC, -2.53 to -2.52m
OD) and 10010±70 BP (Beta 93678; 9900-9270 cal BC, -2.43 to -2.40m OD). These
dates place cicpositioii of the organic material at the Devensianllloloccne transition.
Pollen assessed by Dr. Rob Scaife from -2.4.5m OD indicates cold climate
conditions characteristic of this period. Species include Dryas octopetala (mountain
avcns) and I'Ja.ntago manUrna (sea plantain) whilst Betula and Pin us are the most
common tree species, but herbs are the dominant plant group with Poaceae and
	 -
Cyperaccae to the fore. Fine-grained sediment was present in the upper levels of the
I.terrace at c. -2.4m OD. The values to this point were relatively low but increase from -
C	 3	 -2.38m 01) with a peak of 36 m kg (see Appendix 5, Table 74). This is not really high
enough to indicate major changes such as might occur through burning or pedogenesis
(1)caring et al. 1985), which would need values in the hundreds. The deposit fines
upward with the gravel and sand being gradually lost whilst the organic content increases.
The percentage organic carbon values correspondingly increase, but do not achieve values
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higher than 50%. This indicates that deposition is stiil occurring in a pCrlo(l during which
mincral sediment was being washed onto site (sec Appendix 5, Table 75). A third
radiocarbon date of 9360 ±70 1W (Beta 120958; 8800-8330 cal BC) was obtained from
some of this orgaiuc material at -2.26-2.20m 01), indicating that accumulation of
sediment is taking place fairly gradually with this level dating to the Early Mesolithic.
Pollen from this lcvcl (-2.25mn 01)) shows a reverse in dominance with tree sJ)ccics much
increased to the detriment of the herbs; Pinus is the dominant species with flew/a and
Qucreus also represented; a typical Spectra for the Early Holocene.
From c. -1 .7mn GD a black organic mud is present with only a few discernible
pieces of wood. The percentage organic carbon values increase from this depth up to
65% in the middle of the deposit but then drop oft The organic mud persists to -1 .5m
OD where the organic content decreases relative to silt clay, with a few traces of wood and
highly humnified organic matter. The percentage of organic carbon present
correspondingly drops, reaching to values as low as 12%. The pollen indicates that the
deposit is forming in or close to a wooded environment with greatly reduced Pin us,
greatly increased Qucrcus, and Ti/Ia, U/in us and Cbrylus avellaiia type appearing. A/n us
also occurs and may be evidence for the Early Holocene rise in Alnus that has been
suggested elsewhere, both in the Thames and southern England (Wailer 1998; Rackham
and Siddll 2000).
The organic component increases once again from c. -1.2m GD, in places
achieving 80% organic carbon content. These values fluctuate with occasional low
readin suggesting periodic inwash of mineral sediment, i.e. at -0.215m OD where 45%
TOC was recorded. Some large pieces of wood were present and moss (probably having
1hd on the trees) along with herbaceous plant fragments. A radiocarbon date was
obtained from wood towards the base of the deposit, giving a measurement of 5010±70
BP (Beta 120960; 3960-3660 cal BC, -1 .0-0.96m OD). This suggests that deposition was
very gradual or that there was a hiatus in the sequence at this date (Early Neolithic), which
is significantly later than the Early Mesolithic date 1.2m below in the sequence. The r
values drop sharply at the base of this deposit to approximately 5 m3 kg which is nonnal
for a change from mineral to more organic deposits. The values stay generally low
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throughout EhC peat WalI occasional higher readings (i.e. at -0.72in 01) and -O.215m 01)
of 26 and 46 m 3
 kg rcspcctivcly) that would seem to sucst periodic influxes of mineral
sediment. A diatom sample (-O.7.5m 01)) cxamincd (by Dr. Nigel Cameron) during the
early stages of the project yicklcd sonic of the only valves recovered from the site. The
asScnil)lage contained ('yc/otdila sirthia, /?haplioiicis/Dc/plthicis Sp., ilialiasiosira SJ).,
Syncdra u/na, Nacu/a in utica and Hanizschth arnp/iioys, showing a range of fresh,
brackish and marine Species indicating that the site was in contact with the estuary, but
that a freshwater input to the site was maintained perhaps forming at high marsh level
(Zong 1999).
The peat ended at c. +O5in 01) and this was dated to 3070±60 BP (Beta 120959;
14.50-1120 cal BC, +0.38 to ±042m OD), the mid/later Bronze Age and so appears to
have formed over two thousand (radiocarbon) years, with a mean accumulation rate of
roughly I Omm/ 12 years. It is ovcriain by a thick silt clay with some sand at the base of the
deposit, but fines upwards. Some traces of organics were obseived but these are highly
degraded and may have been reworked. However, a date of 2430±50 BP (Beta 93677;
770-400 cal BC, +0.89 to -'-0.95m OD) from this undifferentiated organic matter suests
this is not the case and that either the organics continued to be washed in or were forming
in situ at this point in the Iron Age. Organic carbon values are low throughout this
deposit, generally below 15%. The f values increase from the underlying peat but not
dramatically, with a maximum value of 43 m 3 kg which corresponds with one of the
mineral inlluxcs within the peat horizon.
Pollen from +0.95m OD shows the contemporary environment to be dominated
by herb pollen, particularly cereal with PJantgo Ianceo/ata, and P. medIa/major	 -
(hoary/great plantain). If the cereal indicates local cultivation at this date, it is extremely
important as the human presence during thc first millennium cal BC is highly enigmatic
in central London (Merriman 2000) and any information on human activity is important.
There is a small woodland clement, presumably on drier ground further away which
includes Qucirus, Ulmus, Betula and Pinus. Alnus is also present but is likely to reflect
marshy conditions nearer the sampling site. Chcnopodiaccae may indicate that there is a
brackish clement to this.
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A short hiatus bctwecn U4/l0O cores occurs at e. +2.Orn OD and the contact from
this silt clay to the overlying silty sand (containing some gravcl) was lost. Initial scanning of
a (liatoin sample from +2.27rn 01) containing a few valves only indicated a mixed
envrounicnt with marine, brackish and freshwater species. These included De/phinius
suthv/la, C)'cloic/Ja striati and Fvtp7aria pinnala, sugresting that although the site was
dominated by the tidal Thames, there was freshwater coming onto Site, possibly via a
channel to the north. The deposit coarsens upwards to +2.7m OD where there is an
abrupt transition to a thin band of highly huinified wood peat. This is scaled, again with
an abrupt contact by a further sand-dominated deposit. Another thin organic deposit seals
the sand, at +2.9m OD, but it is less organic than the previous thin peat lens. It is sealed
by a thin silt clay, with some traces of degraded organics. The grain size increases and the
top of the sequence consists mainly of sand with some gravel-sized clasts, sealed by
modern fill at +3.1 65m OD.
8.3 Site summary
The Shcpperton Terrace occurs at variable depths across the site, between -3.4m OD to
-1 .6ni 0D but typically at approximately -2.5m 00. There is no discernible pattern to
the varying depths that must be put down to natural undtilations in the preserved surface
of the gravel. The carliest dates for the sequence come from BH8 where organic matter
within the upper gravel has been dated to the Devensiaiz'Holocene transition. No other
deposits have dated to this period amid it must be concluded that if sediment was
deposited dscwhcre on site, it was subsequently eroded. It seems likely that the sediments
in B1-18 were somehow protected from such erosion, possibly within a relict channel,
which gradually silted up, burying these early deposits. A channel has previously been
identified in this area (see Figure 70) in the existing borehole logs and it is thought that
BH8 lies within this channel.
The sediments overlying the gravel across the site consist of sands, organic muds
and peaL The sand (BI-18) is part of the palacochannel and an associated date indicates
that this is still an Early Holocene deposit and not subject to the erosion indicated
elsewhere across the site. Pollen indicates that the prevailing conditions were a cold
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climate prc-boreal landscape clomina(c(I by species such as pine, with an early
development of alder. Peat is present in BH2, BH3, BH4, BH5 and BHG and the lowest
contacts give dates of between 5660-475() radiocarbon years BP. This would suggest that
most of thc site is consistently dcvclopmg a woody peat from the later Mesolithic with
varying hiatuses between the gravel being deposited and the Peat forming. In BH7, an
organic mud overlies the gravel and this may be related to its proximity to BH8 where the
palacochannel is thought to be located and could be depositing line sediment close by.
This was sealed by a substantial Peat bed, which gave a Late Mesolithic/Early Neolithic
inception date consistent with the peat in the other locations. It begins forming earlier in
the north of the site at c. 5770 radiocarbon years BP whilst it does not start forming until
c. 5 100/4750 radiocarbon years BP to the south.
The peat sequence is variable across the site (although it is consistently humified)
and includes periods of inundation and the formation of organic muds in places. The
limited biological evidence suggests that it is a wood peat, probably formed Within an alder
carr. There is also some evidence for the influence of brackish water across the site by
this date (Early Neolithic). Furthermore, there is some evidence for nearby arable
cultivation. The depth of peat is variable across the site, potentially as a result of
differential erosion and compaction (BH4, nearest the Thames is the most affected by
flooding, although it is BH3, further to the north, but not the most northerly borehole,
that has the thinnest peat). The top of the peat deposit is located at varying altitudes across
the site. This may result from a number of factors: differential compaction, erosion or
truncation or simply that it persisted longer in some places. It survives to c. +0.5m OD in
BH8, which is the most northerly location and this provides the latest date (2430±BP),
indicating that inundation came slowly from the south, i.e. the Thames. BH4, the most
southerly hole gives a date of 3700±BP and an altitude of -0.84m but there is a possibility
that there has been some truncation here. However, if these are 'real' dates then it may be
possible to track the end of peat formation across the sites north-south axis, with this
taking 1300 radiocarbon years to overtop the peat between BH4 and BH8 (just over
300m). This is possibly supported by the date of 2630 radiocarbon years BP for the top
of the peat in BH2, also at the northern edge of the site, but to the east. However, the
horizon is 2m below that in BH8 and is difficult to convincingly explain unless
compaction and some erosion by the subsequent muds may be cited. The extremely
22Q
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scanty diatom evl(lcncc indicates that whilst this peat is fonning, there is contact with the
estuary, which could point to occasional floods but might mean that the peat is forming
under conditions of nsing sea level.
The peats were scaled by silt clays across the site which in some places are
laminated, sugj esting that thc inundation was a gradual process occurring over some time.
The larger clasts within these muds may have come from erosion close to the sampling
site rather than a substantial increase in time energy of flow across the site generally. There
is evidence indicating that these muds are derived from estuarine waters although there
also appears to be a freshwater input. The presence of a medieval peat within these muds
in B 1-13 is rare because most sites in the Thames are sealed purely by mineral sediment
with very little organic accumulation after the Iron Age. This, combined with the problem
of dating inorganic sediments is one of the key problems associated with resolving the sea
level record for the historic period in the Thames and elsewhere. The medieval peat at
Silvertown sucsts a negative tendency of movement, but as it is only found in the one
borehole may represent a very localized event. The pollen evidence from the peat is
extremely useful in that it sucsts not only local arabic cultivation, whidi is to be
expected at this date, but the presence of softwood&potentially indicative of managed
woodlands, which would have been important owing to the demand for building timber.
The sequence hcre, although locally complex, represents a reasonably simple
pattern ovcrall (sec Figure 78). An Early Neolithic wood peat overlics the Shepperton
Terrace in all locations except where a palaeochannel is preserved. The peat is of longest
duration in the north, forming earlier (Late Mesolithic) and persisting longer
(Bronze/Iron Age transition) than the peats closer to the Thames. These do not form
until roughly 700 radiocarbon years later and are inundated up to 1300 radiocarbon years
earlier than those at the north of the site. The peat seems to be formed mainly within an
alder carr, but there is also evidence for contact with the estuary. The peats are scaled by
estuarinc mud with an important organic horizon dating to the medieviul period.
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Section II
	 Chapter 9. Masthouse Terrace
Chapter 9. Masthouse Terrace, Isle of Dogs, London Borough
of Tower Hamlets, E14 (TQ 3750 7850)
9.1 Introduction
Site Location
Masthousc Terrace (code MHT95, GLSMR 083421, 1 on Figure 79) is located on West
Ferry road at the southwestern corner of the Isle of Dogs (2 on Figure 79) in the London
Borough of Tower Hamlets. The site fronts onto the modem Thames and was formerly a
boatyard with a shpway. West F'crry road is the main road following the edge of the Isle of
1)ogs, and is likely to be an historic route built behind the early river walls leading through
to ferries running to the other side of the Thames. The Isle of Dogs is a prominent
peninsula around which the River Thames, to the south, flows, opposite the Greenwich
peninsula (3 on Figure 79). The modern setting is urban land and riverscape, juxiaposing
run-down docks and riverside industry with extensive luxury apartment and office
construction. The northern end of the Isle of Dog is considered part of London's East
End, whilst the southern end is now considered part of London 'Docklands' (4 on Figure
79).
The Roquc map of 1747 shows the site to be unoccupied, and the area is thought
to have been salt marsh at the time. The industrial aspect commences relatively late with
evidence that the site was undeveloped in 1835 (Hawkins 1995). It then became a
shipyard (Napicr Yard) where ships such as the Great Eastern, designed by Isambard
Kingdom Brunel were built and launched down a substantial slipway into the Thames.
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1I
I Masthouse Terrace	 3750	 7850
2	 Isle of Dogs	 3775	 7950
3 Greenwich peninsula 3925
	 7975
4	 Docklands	 3750	 8025
5	 Fergusons Wharf	 3725	 7810
6	 Atlas Wharf	 3701	 7920
7	 MillwaU Dock	 3750	 7910
8	 Dagenham	 4860	 8330
9	 Erith	 5330	 7820
10	 Greenwich	 3820	 7780
11	 Deptford	 3770	 7800
12	 Lockes Wharf	 3793	 7827
13	 Winkleys Wharf 	 3730	 7880
Table 22. Sites shown on Figure 79
Previous Research
The stratigrapliy of the Isle of Dogs has not been considered in any great detail previously
and there appears to be no examination of sea-level change associated with the area. The
site is significantly upstream (over 10km) of Devoys sampling corridor (1979). The
stratigraphy of isolated Sites nearby has been exami,ped, but the area has been surprisingly
neglected and no synthesis of these data exists within archaeological or geographical
publications. Gcotechnical examination of the overall site undertaken by the London
Docklands Development Corporation prior to archaeological investigation showed a
complex sequence of several distinct peats interdigitating with clay silt in the centre of the
site, whilst the peat is absent elsewhere. Excavations at Fergusons Wharf (GLSMR
083761, 5 on Figure 74), next door to Masthouse Terrace showed a similar sequence of
gral, silt day and a substantial peat horizon (Bishop and Brown 1996). Another site,
Atlas Wharf (GLSMR 08464.5, 6 on Figure 79), on the river frontage just to the north of
Masthousc Tcn-ace has rcccntly been examined and consisted of gravel (Shepperton
Terrace) at depth, scaled by silt clay, a substantial peat horizon dating from before c.4000
cal BC, approximately 2mri thick, and a frnal massive silt clay below the modem truncation
(Lakin 1999, and see Figure 79). A 'prehistoric forest' was identified by an antiquarian
(Cowper 1853, 23) in the mid nineteenth century immediately to the south of the Miliwall
Lower dock (GLSMR 080889, 7 on Figure 79) just to the northeast of Masthouse
Terrace. Sadly this is not described in any detail, except to note the presence of hazelnuts.
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It seems likely that this was a peat bed with preserved tree stumps, as have been found in
other areas of the Thames floodplain such as 1)agenham (Spun-eli 1885, 8 on Figure 79)
and Erith (Scel 2000, 9 on Figure 79).
The site is not within an archaeological prionty zone and this area is not
particularly well known for anything other than its industrial heritage. Nevertheless, there
is some information, the ol(lcst being Mesolithic (see Wymer and Bonsali 1977) and
Ncolithic axes (Adkins and Jackson 1978) which have come out of the river. Naturally,
provenance is difficult and the axes may have gone into the river elsewhere, but it is a
relatively large amount within 1km of the sampling site. There is no occupation until the
Bronze Age, which has been i(lcnhlfied at Atlas \Vharf where a number of timber
platforms were discovered adjacent to a stream running to the Thames (Lakin 1999). The
area seems to have been abandoned until the medieval period when several manor
houses and hamlets grew up at the southern end of the Isle of Dogs (GLSMR 084275).
There is also archaeological evidence close to Masthouse Terrace for a medieval ferry to
Greenwich (GLSMR 080979, 10 on Figure 79) and Deptford (GI.SMR 080980, Ii on
Figure 79). Rir defences were put in at this date, with Iraces of the medieval river wall at
Lockes Whamf, (GLSMR 084316, 12 on Figure 79),, a few hundred metres to the south
cast of Masthouse Terrace. As well as defences, a late medieval eel trap at Fergusons
\Vharf (GLSMR 083762) is evidence for cxploitation of the rivers resources. Evidence
exists for further river defence construction in the post-medieval period, particularly at
Atlas Wharf (Lakin 1999) and also more exploitation of the river, with the constuiction of
postrncdieval windmills along the river wall (hence the local placename, Millwall) at
Winkleys Wharf (Wooldridge 2000, GLSMR 084928, 13 on Figure 79). As mentioned
abo, industrialization came fairly late, but from the mid-nineteenth century, the area was
turned over to iron working, chemical manufacture and shipbuilding.
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9. Masthouse Terrase
The Project
An archaeological evaluation was carried out on site in 1995, and as part of this three
borchoics were drilled (see Figure 81) using a shell and auger cable-percussion rig.
U4/100 samples were collected for analysis from all undisturbed sediment to characterize
the sequence and then examine the possibility of archaeological survival within the
sediments cncountcrcd. This was clone in order to inform the planning process. Several
trenches were then opened to examine the site for archaeological material, and part of the
earlier slipway was recovered, but nothing else. Owing to health and safety constraints, the
trenches could not peilelratc to more than a depth of 3.6m below ground surface and so
did not penetrate far beneath the modem overburden, or indeed below OD.
Gravel of the Shepperton Terrace was penetrated in all boreholes although it was
only possible to collect it in one owing to the poor retention of loosely consolidated
sediment Twenty-four samples were collected and a preliminary assessment of the
samples was undertaken. These showed a complex sequence, with variation in the
stratigraphy between the various boreholes. Radiocarbon assay was subsequently
undertaken, and the results produced a rare Early Holocene date and several mid-
I-Iolocene dates. No examination was made of microfossils at this stage. As a result of this
initial assessment, the site was selected for detailed analysis for the following reasons:
•• The relatively complex sedimentary sequence which suggrsts unusual local
processes
+ The rare long sequence with the Faily Ho/ocene date
•• The possibility ofexamining inid-Holocrne reJati sca-kvei charges
• The position relative to other sites in the pivjec4 i.e. extending upstream into
inner estuary from the majonty ofsites
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Figure 81. Masthouse Terrace site outline and borehole location plan
9.2 The Sequence
The broad pattern at Masthouse Terrace is of silt clays mterdigitatmg with organic muds
with some peat formation. Several large deposits of sand testify to the presence of local
channel systems (see Figure 82). The full details may be found in Appendix 6.
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MASTHOUSE TERRACE (TQ 5375 1785) LITHOLOGICAL DIAGRAM (1-3)
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Figure 82. Masthouse Terrace Iithological diagram. See Figure 91 for key	 230
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Masthouse Terrace diatom diagram
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Figure 83. Masthouse Terrace diatom diagram
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BHI
The Shcpperton Tcrracc occurs below c. -6.Om OD and is scaled by a silt clay with some
Saud c()Iitalnuig a low propoalOti of undifferentiated organic material. 'l'he contact
lxtwccn tins silt clay and thc overlying deposit was rather sharp and possibly erosional.
the proporl.rnn of organic material increases to c. 50% in [lie overlying (leposa with a
concurrent decrease in f values (which are all below 10 8in 3 k) (see Appendix 6, Tables
80 and 81). The base of this organic mud yielded a radiocarbon age 0110090±80 BP
(Beta 85221; 10330-9310 cal BC, -5.88-5.83m 01)) (sec Appendix 6, Table 82). The
(leposa is degraded but contains fragments of hcrbaccous 1)la11t parts and wood, persisting
to -5.5m 01) with fluctuations in the relative proportions of organic matter and mineral
sediment. I)iatorn samples collected from the base of this organic mud contained only
one valve; Gomphoncnia acurniiatum classified by Hustcdt (1953) as an oligohalobous
indifferent species (sec Figure 83 and Appendix 6, Table 84).
Towards the upper levels of the organic mud the organic content decreases and is
replaced by a mainly mineral deposit from -5.5m OD; a fine-graincd silt clay with a low
sand and organic content (20%) and a substantial increase in f values reflecting this inwash
of mineral scdimcnt. Thc values arc not significantly high and do not indicate unusual
processes, but define the contrast between mineral and the organic sediment. The deposit
persists to c. -.5.Om OD. Diatom samples from the upper lewis around -5.Om, and
covering the transition to the next deposit, indicate that the silt clay formed under a
combination of initially freshwater and subsequently marine conditions. The lowest
diatom assemblage is dominated by Pinnulai*i sp., which forms over 50% of the total
valve count (sample 13). Otherwise, only Cyclodlla mcncghiniana reaches figures greater
thait 5%. Other taxa include Cyclotdlla stniia, Thai/as/os/ia sp., Coeconeis discu/us,
Paiaha sn/ca/a1 Rhaphoncis arnphiccros and Rhoicosphenia abbrctiata.. Although the
Piniiulaxia sp. valves were not identified to species, it is assumed that they represent the
kind of dcposiiional cnviroument sucstcd by the Pinnularia imtjrgroup of Vos and de
Wolf (1993) who classify the scdimcntaiy environment represented by P. gibba, P. major
and P. nob//is and others as intertidal to lower supratidal mudflats, creeks and lagoons.
Rhoieosphcnia abbrcviata and Coecofic/s discu/us are freshwater species (Barber and
Haworth 1981; Denys 1992); the other species indicate brackish-marine conditions:
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çyclotcl/a s/na/a and J?JIa//IoIkI:c ainpliiecros arc both go(xl cXamI)IeS of SJ)CCICS found in
largc tidal channels. I-,rah siilcata may also rcprcsent this type of ciwironinent, but could
be associated with salt marsh COfl(litioflS (Zong 1999).
The sul)sequent samples show a change to the conditions reflected in sample 13
at -5.08rn 01). 'lire dominance by Piimularth Sj). declines whilst the othcr freshwater
SI)CCiCS I?hoims/)Jwnth abhrcithia and ()xroijcis disculus increase in abundance. The
InorC ObVIOUS estuarinc and marine speCies such as Cyc/oldila siriata and Paralia sulcata
arc not prcscnt in large proportions, but above -5.02m 01) a more cstuarine trend is
apparent with species such as Coeconcic scuic/Jurn, Cocconcic pc/to/des and
I,dIi(k)p(xIos!ra stc/4çcni all appearing for the first time, although C. scuic//um has
previously been recorded in high/middle marsh (Zong and Horton 1999).
Above -5.0w 01), the sediment is more organic-rich with a series of black organic
muds, initially achieving p to 95% organic content, but generally fairly consistent at
around 40% TOC. The sediment is poorly preserved with few identifiable fragments, with
the exception of some woody pieces towards the top of this deposit (-3.94m OD),
induding one fragment [hat filled the core. Much of this organic mud exhibits iron
staining, suggesting fluctuating water tables and a tendency for the peaty sediment to have
pcnodically dried ouL The X'values decrease from those exhibited in the lower mineral
sediment and drop to -2 8w 3 kgat -4.07m OD, corresponding with the peak of organic
content. There is some fluctuation of the x' values within this organic band, but the broad
trend is of low susceptibility compatible with organic deposition and occasional inwash of
mineral sediment. No significant increases are apparent, which indicates that at no point did
die deposit dry out sufficiently for the formation of a palacosoi The contact to the
	 -
subsequent deposit was sharp and may indicate some erosion of the upper organic mud
surface. The organic content drops to approximately 10% at this point. The middle of this
organic mud (-4.39 -4.3 m 01)) dates to 5950±80 BP (Beta 85220; 5040-4620 cal BC),
the Late Mcsolithic.
Diatom samples were examined from the top of this organic mud and consisted of
variably preserved assemblages. The lowest sample (9, -4.02m OD) contains only a few
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valves (Cyclotcila .c1ni1a, Niizehia iaviculaiis, l'arsiia sulea(a, I)clphàicis surircila and
Piiiiiulana SI).); a group that indicates a combination of exposed mudilat and tidal channel
Se(limCutauon probably within the intertidal zone. However, the counts are too low to be
mcauiiigfufly interprctcd. The cstuarinc species Paralia su/cala, R/iaphoiicis anipliiccros,
Nà'schia miiieu/ath and Pscudosicl4qcia wcsii/dominatc samples 8 and 7 (-4.0 and -
3.98in 01)). Only a few valves of Pinnulaila sp. were present. The assemblage is strongly
estuaruic and continues to suggest an intertidal environment, possibly with mud flats,
evocative of a combination of Vos and de Wolf's (1993) McJosixa (I'aralth,) sulcata,
Naiicula digitoiadiata and R/,aphoiicis amp/viecros groups. The contact with the overlying
deposit contained no diatom valves.
Above -3.94in 01), a relatively narrow band of dark grey silt-clay with some sand
and degraded organic matter occurs, which coarsens upwards. f values arc much higher
than in the organic mud bdow and confirm the presence of more mineral dominated
sedimentation. The contact between this and the next deposit was unfortunately lost
between two t141 100 cores at this point, so the nature of the contact is not known. From -
3.Gin OD, dic organic content increases but still contains mincrogenic sediment. The
organic component is badly preserved, dominated by unidentifiable material but with a
higher wood content than previously encountered. The percentage of organic carbon
reaches 70%, but is more commonly around 50% with correspondingly low '1values.
Small lenses of silty sands arc present within the main group, perhaps indicating periodic
flood csnts. Once again, the contact between sedimentary dcposits is lost between
iW10O cores, and the sequence recommences at -2.99m OD, with a thin deposit of
humitied organic mud. This consists almost entirely of unidentifiable organic matter, with
mincrogenic sediment and detrital woody fragments. There is a gradual change, with the
organic content decreasing to an almost entirely mineral sediment with occasional traces
of degraded organic matter. f values double, but again are still rclathtly low and show
nothing more than a change from organic to mineral dominated sc(limentaQon.
I)iatoms were analyzed between -2.86 and -2.7Gm OD to examine the conditions
at what appears to be a clear positive tendency of sea-level movement. No valves were
recovered from the lowest sample (5, -2.8Gm OD), however, the remaining samples
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dcnioiistracd g(x)(l preservation. ilic assemblages are sigiulicantly (lillCrcnt from time
pFC%'loUS samples at c. - 4.Om 01). (4'cloic/Ia siliala and 6vcIoteJJa mcncghñith.na
(lonunatC time assemblages, whilst othcr cstuariiic taxa such as Pul.ia su/caa, Nitzscliia
I1am7z,/-z:c, R/iap/ionci:c ainphiccms and DcIp/iincic smiiirdlla wcrc recovered in quantities
below 5% of time total valve count. 'Ilic assemblage strongly sugeests dcpositioii
wItlnn/a(llacdnt to a tidal channel cnvironrncnt, as do sj)ccics such as (}inaiosfra be/gica
and 'I7;lII;Lsiosird dceI)icfls, ncithcr of which formed a significant part of the assemblages
before this point.
Sampling stopped at -2.00m 01) which was the contact with overlying modern
liii. A radiOcarlx)ii sample from the point where the organic input decreased (-2.79 -
2.74m 01)), gave an age of 3920±80 1W (Beta 85218; 2620-2140 cal BC).
BH2
The Slicpperton Terrace is present below c. -5.6m OD and is sealed by poorly sorted
olive brown sand and gravel with a low proportion of silt clay. Traces of degraded organic
matter occur, as do small dctrital wood fragments. The base of the organic material dates
to 6&)0±90 1W (Beta 85219; 5700-5370 cal BC, (-5.54 - 5.49m OD). The organic
content increases slightly, but the overall trend is of a fining upwards tendency with the
scdimncnt becoming dominated by clay, with small quantities of unidentifiable organic
matter in conjunction with some wood fragments. This persists to -5.04m OD, where
there is a change to almost pure sand. The contact from the deposit below is fairly gradual
and does not appear to he erosive, but this suggests a significant shift in sedimentary
process with deposition dcri'iing from a fluvial/tidal channel. Above -4.63m OD, die
sediment begins to fine upwards, with a steady increase in the silt clay contenL
Furthennore, traces of organic material are present within the matrix. This could
represent redeposition of material eroded from elsewhere, but may also indicate that the
site is at least periodically exposed, allowing the development of in-situ vegetation. Several
fragments of wood fill the core within the general clay-silt-sand matrix, which persists to -
2.43m 01), where the organic content increases briefly. The contact between these
deposits was lost between tJ4/l 00 samples, however, the organic content decreases again
for a few centimetres with a fairly sharp contact to a thin organic horizon, almost entirely
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composcd of uiiidcntiliablc organic material with Some traces of rooty hcrbaceous
material. This organic dcposit is scaled at -2.3m 01) by a thin sandy silt with a low
qualluty of degraded organic matter, which lines upwards, and is rel)laced by a dark
l)rown organic mud with Fragments of wood, scaled under the modern overburden at -
1.9!im 01).
BH3
The Shcpperton Terrace is present below -6.1 6m OD, and scaicri by a deposit of clay silt
sand. Sonic traces of organic material are present, with iron staining, suggesting that the
deposit was Sul)jec( to sub-aerial weathering and may have been a terrestrial surface at
times. Above -6.O4rn 01), the organic component increases, leading to the formation of
an organic mud, although thc principal component is still mineral sediment. There is a
fining up tendency from the previous deposit. No iron staining was observed withrn the
organic mud. ilic dcvdopmcnt of the organic component continues with increasingly
large proportions of degraded organic matter and decreasing amounts of silt clay. Woody
fragments arc present throughout.. The deposit develops into a major peat bed, consisting
of humified unidentifiable organic matter with wooly fragments, with small quantities of
silt clay present throughout. Two thin mincrogenic bands are present within the deposit,
presumably representing short-lived inundations of the sample site. The mineral
component increases towards thc top of the peat (-4.93m OD). There is a fairly sharp
contact between deposits at this point, which may suggest a period of erosion.. The deposit
scaling the peat is an organic mud, with the organic component almost entirely
unidentifiable matter with a few wood fragments, persisting to -3.7m OD. The upper
lccl within the deposit exhibit iron staining, suesting that the site has been subject to
drying, which possibly accelerated the degradation of the organic component. 	 -
Nevertheless, from this point for c. O.5m, the deposit coarsens up, with sand the
dominant grain size and a corresponding reduction in the amount of organic material
present. This deposit is scaled by a further organic se(hmcnt at c. -3.2m OD, again highly
degraded, but with wood and herbaceous material, suggesting that the sampling site is
once again in a (semi) terrestrial situation, in or above the inter-tidal zone. This persists to
-2.88m OD where a thin (80mm) fine grained mineral deposit occurs, sealed by 1.29m of
organic mud, with fluctuating but generally low quantities of silt clay. Again, the deposit is
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highly degraded, l)ut contains small amounts of wood and herbaceous fragineuLs. The
organic component increases tO -1 .5ni 01) when it was truncated l)y modern fill.
9.3 Site summary
'I'lic lowest radiocarbon date from the site (sample BH 1/3, see Figure 84) demonstrates
organic sediment accretion at tile 1)evensian/Holoccnc transition above the Shepperton
'l'crracc gravel. r1.hi deposit is a finc-graincd organic mud that does not appear to be a
Palacosol. The base of the lowest organic deposit in BH3 gives a much younger date and
so it must be assumed that although they arc forming at roughly similar depths, these
deposits formed under different conditions. It seems possible, given what is known of the
Dcvcnsian/Holoccnc river from elsewhere (Wilkinson et al. 2000 and Chapter 8) that the
lower organic mud in RH! formed in an abandoned chaimnel of the early braided system.
RH I is furthest to the south and may have fallen within the spatial extent of the Thames
channds at that date, whilst BH2 and BH3 are located outside the channel system and
sedimentation either does not occur in these two locations, or is subsequently eroded.
It seems inevitable that therc was either a hiitus in accretion after this initial
Holoccnc sedimentation, or erosion prior to 6600 BP, which is the date for the lowest
organic material in BI-12 (the most northerly location) at -5.5m OD. This is only 0.lm
above the terrace gravel in this location, and 0.3m above the 10090±80 BP date in BH1.
Deposition in both cases appcars to have taken place in waterlogged environments,
apparently with some rierine incursion over the site. The subsequent series of organic
deposits present in all three borcholes, albeit as vamying types of organic mud, appear to
have formed in an environment associated with an cstuarine system but with some -
freshwater input. The diatom evidence for estuarine waters comes from the lower
deposits (-5.Om OD) in RH! and is not radiocarbon dated at this altitude. The
radiocarbon date on the base of the organic sediment in BH2 is 6600 BP, but comes
from -5..5m OD. The sediments in RH! are next dated at -4.4rn OD to .5950 BP. It
seems likely that the organic muds formed between these two dates. \Vhether the organic
sedimentation in BH2 at -5.5m OD was occurring in a similar dcpositional enviromnent
type is less certain. If so, this would push the migration of the tidal head upstream of this
point back beyond 6600 BP or 5700-5300 cal BC (Late Mcsolithic).
237
C
0
4-.
C
9
In
2
-
I-'0UU
In
In
U
4-.U
C
m
r
F
Ic,
I?
_________________________F
I	 II CM
c-I
I
I
I	 oI	 I I	 -I	 -=
4-
=
	
U	 ¼
0•10	 o\0	 00m03	 LnO
4-.
0
U
E
2
E
I-
E
In
w
U
w
In
0
.0
4-.
In
U
La-
Section	 Ch9.MasthcuseTerrae
The bulk of the thrcc sequences is taken U by the accumulation of organic muds.
However, thc SCUCflCCS arc really only consistent at the base, above the Shcpperton
Tc,-cc. Closest to the modem river, in BHJ, the organic mud COflL11IUCS to develop until
e. - 4.Om OD, suggesting continued accumulation in a wet marshy environment. At these
altitudcs, the organic deposits in BH3 are much more organic rich, suggesting the river is
playing less of a part in sedimentation at this location further north. However, slightly
further to the north, in BI-12, organic mud persists at these altitudes. This indicates that
sedimentation is rather more complex than simply more mineral sediment closer to the
river, and more organic further away. This is further complicated by the presence of a
substantial sand horizon in BH2, which would appear to derive from in-channel, or
channel-side sedimentation. It seems likely that this was the case at the other locations,
but sand is not recorded at this depth elsewhere. The deposits in BH2 fine up from -
4.5m OD, suggesting the channel migrated away from the sampling site, but there is no
development of organic mud until -2.5m OD. This would suggest that BH2 is within the
intertidal zone during this period of accretion. There are also phases within the BH1 and
BH3 sequences, indicating increased energy of flow, but not on the same scale as in BH2.
These two sequences are fairly consistent in deposition of organic material.
The fjiial part of all three sequences indicates that BI-12 and BH3 are above
MFIW with the fonnation of organic muds, from c. -2.9 (BI-13) and c. -2.5 (BH2). The
sequence from BH1, however, suggests that at c. -2.8 in 3920 BP, this location becomes
more permanently inundated. tjnfortunatdy, the modem fill truncating the site
eradicated the point when the site would have become more fully submerged.
The sequence at Masthouse Terrace is complex; over a relatively small area,
preservation occurred in several different depositional environments. In broad terms, the
sampled sequence starts the deposition and preservation of Late Devensian/Early
Holocene sediment, probably within a relict channel. There is a hiatus until the mid
Holocene, when organic muds start forming across the site, possibly consequent upon
rising watertables associated with sea level rise. The diatom evidence points to Early
Holocene freshwater dominance, but with the site in contact with the estuary by this Late
Mesolithic. There is some evidence for expansion of the wetland with peat development,
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but this is not consistent across the site, sucsÜng it is not a major event within the
scqucncc at Masthousc Terrace. Potentially the site was at the wetland/river margin,
which may have migrate(l laterally over time leading to the complex patterns between the
borehole sequences. There is certainly no conclusive cvl(lencc for river levels dropping
relative to the land, therefore the overall sequence could be taken as an example of a
consistent positive tendency of sea level movement from Mesolithic onwards.
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Chapter 10. Suffolk House, 154-56 Upper Thames Street, City of
London! EC4 (TQ 3271 8077)
10.1 Introduction
Site Location
The site (code SUF94, GLSMR 044445) is located at 154-156 Upper Thames Street in
the City of London at the intersection with Laurence Pountncy Hill and Laurence
Pountney Lane. It is centrally placed on the southern margins of the City (1 on Figure 85),
close to the west side of the northern approach to modern London Bridge and more
particularly, Cannon Street Station. The site falls within the area of the scheduled ancient
monument designated as the Cannon Street Station Roman Palace. It is situated slightly to
the north of the modern route of the Thames Within the coi)fines of the estuary.
Previous Research
Very little detailed analysis has been undertaken looking at the sedimentary history of the
area. Test pits within the area of the scheduled ancient monument and the 1969
excavations (see Marsden 1975; Brigham and Woodger 2001) show that the site sits on
steeply shelving Pleistocene sand and gravel from which brickearth has been stripped. The
steepness of the gravel slope indicates that the site is located at a break of slope,
presumably between the Kempton Park and Shepperton terraces. Although there has
been some difficulty in distinguishing the clean terrace gravel from outcropping foreshore
gravel, it has been indicated that the foreshore was exposed in parts of the site (Woodger
1996). Peninsular House (GLSMR 04.3494, 2 on Figure 85) sited further east along Upper
Thames Street yielded rare Mesolithic peat deposits (Scaife 1983) overlying Pleistocene
sand and gravel. Peat has not been found anywhere else in the vicinity.
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Tt _____
I	 Suffolk House	 3271	 8077
2	 Peninsular House	 3297	 8070
3	 Queenhithe	 3229	 8077
4	 Trig Lane	 3301	 8069
5 Upper Thames Street 3420 	 8083
6	 King Street	 3246	 8120
7	 King William Street 	 3290	 8070
8	 Little Trinity Hill 	 3230	 8090
9	 Queen Street	 3243	 8089
10	 Princes Street	 3266	 8113
11 LowerThamesStreet 3316
	 8059
12	 Comhill	 3289	 8111
13 Threadneedle Street 3289	 8120
14	 Bank	 3275	 8123
15	 Custom House
	 3332	 8058
16	 StBenets	 3250	 8110
17	 Old Jewry	 3255	 8121
18	 Lime Street	 3309	 8096
19	 Eastcheap	 3305	 8084
20	 Leadenhall Street	 3304	 8110
21	 St. Mary-at-Hill 	 3310	 8070
22 Gracechurch Street 3303	 8110
23	 Cannon Street	 3260	 8080
24	 Regis House	 3288	 8072
Table 23. Sites shown on Figure 85
The sites at Quecnhithe (Vintry, Bull Wharf and Thames Court) (GLSMR
042748, Barham and Bates 1991; Ayre et a!. 1996; Wilkinson 1998; Wilkinson
forthcoming, 3 on Figure 85) are really the only sites along the river frontage in the City
where the sedimentology has been researched in any detail. Initially, the work of Barham
at Vintry identified a simple sequence of Roman and Saxon upper and lower beds of silt,
divided by coarser sands and gravel, identified as primarily waterlain in a rapidly changing
environment, with notable impact by human agency with a series of revetments. The
subsequent work at Thames Court and the analysis of all Queenhithe sequences
demonstrated a much more complex sequence with Pleistocene gravel sealed by an
estuarine clay silt, overlain by a foreshore gravel cut by the AD 198 Roman waterfront.
Further river silts, initially predominantly freshwater, but with the strength of the estuarine
signal increasing through the deposit, banked up and over the quay and were then sealed
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by sand and gravel then further silts which predate the Al) 950 structures of the sccon(l
waterfront (Wilkinson 1998). 11c sequence becomes extremely complex with a series of
Saxo-Norman revetments (see Chapter 11.3) with a mixture of cstuarine and reclamation
deposits.
Sea level analysis has been undertaken along the City waterfront based on
archaeological structural analysis (see Chapter 11). One of the earliest studies was at Trig
Ume (Mitic and Mime 1982, GLSMR 042168, 4 on Figure 8.5), approximately 400m to
the west of Suffolk House. The site involved the excavation of the reclaimed mc(heval
waterfront, wIUCI1 contained a series of timber and stone revetments surviving up to 2.5m
in height and dated between the 13th and 15L1 centuries. On the basis of the revetments,
HAT in the 14th15th centuries was calculated at +2.Om OD and LAT at approximately -
1 .5m OD. HAT was used as it was considered to be at or slightly below occupation levels
(Mime and Mime 1982, 61). Analysis of the sediments and biostratigraphy at Queenhithe
(Wilkinson 1998) included some discussion of river levels and the position of the tidal
head, indicating that there was a weak, (but increasing) estuarine signal in the pre-Roman
levels, with an indication for a slight drop in salinity after the construction of the AD 198
quay, but with an increased estuarine signal from the 4th centumy onwards. The fluctuations
in salinity are taken here to represent change in position of the tidal head relative to the
site.
In terms of archaeology, the site is centrally positioned within the Roman and
medieval cities. Information on the archaeology of the city has been extensively published
elsewhere (see MoLAS 2000 for a summary). There is good evidence for prehistoric
ativity nearby, but this is mainly in the form of artefacts that have been collected (mostly
by antiquarians) with little (often dubious) context data recorded, creating an inherently
biased and uninformative record. This is exacerbated because it tended to be the attractive
and impressive objects that were retained, whilst the less impressive (but more useful)
material like pottery and bone will have been discarded. Nevertheless, the information is
suestive. The Neolithic is well represented with a polished axe from Brooks Wharf,
Upper Thames Street (GLSMR 041130, 5 on Figure 8.5), a polished jadeite axe from King
Street (GLSMR 041120, 6 on Figure 85) and more stone axes from King William Street
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(GLSMR 041117, 7 on Figure 85), little Trinity Hill (GLSMR 041119, 8 on Figure 85),
Queen Street (GLSMR 041121,9 on Figure 85), Princes Street (GLSMR 041128, 10 on
Figure 85), Lower Thames Street (GLSMR 041129, 11 on Figure 85), and Cornhull
(GLSMR 041124, 12 on Figure 85). A Neolithic macchead was recovered from
Threadiiccdle Street (GLSMR 041131, 13 on Figure 85) and a battleaxc from Bank
(GLSMR 041138, [4 on Figure 85), all of which indicate reasonable amounts of activity in
the Neolithic penod close to Suflblk I-louse.
The Bronze Age has fewer, but impressive, records with a bronze adze from
Thames Court (GLSMR 041139), a bronze dagger from Cornhill (GLSMR 041144), a
bronze sword from Custom I-louse (GLSMR 041146, 15 on Figure 85), a spear from St
Benets (GLSMR 041147, 16 on Figure 85) and a founders hoard from Queen Street
(GLSMR 041153). This last find is important in that it indicates industrial activity likely to
have been taking place nearby, rather than just (Pritual) deosition of objects. Surprisingly
for this area of London, there is reasonable evidence for an Iron Age presence with La
Téne II brooches from Cornhill (GLSMR 041164) and Old Jewry (GLSMR 041165, 17
on Figure 85), a Halstatt 1) brooch from Lime Street (GLSMR 041166, 18 on Figure 85),
an axe from Thames Street (GLSMR 041172), a helmet from Eastcheap (GLSMR
041176, 19 on Figure 85), a spoon from UpperThames Street (GLSMR 041173) and a
coin of the Iceni found on Leadenhall Street (GISMR 041170, 20 on Figure 85).
Very little stratigraphy of the prehistoric period has been recoded. Some negative
features dating to the first millennium BC were excavated nearby at St. Mary-at-Hill
(Jeffeiy et al. 1995, GLSMR 042836, 21 on Figure 85) and on several streets around.
Bronze Age features at Gracechurch Street (GLSMR 042541,22 on Figure 85) and -
Mesolithic peat from Peninsular House (GLSMR 043489) comprise some of the
prehistoric deposits found. There is a tendency for more features to be found on modern
excavations such as at Cannon Street (Elsden 2002, 23 on Figure 85), which do not stop
digging at the Roman levels; a trait of older excavations in the City.
Modem Suffolk House lies within the so-called Governors Palace complex, a
series of extensive and elaborate buildings discovered during excavations in 1969
(Marsden 1975). This consisted of four substantial stone building ranges (with at least 76
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rooms) with mosaic, mortar and opus siçnia urn floors. The southern range was built just
behind the first century waterfront, and was well founded on timber piles. The northern
range appears to have been used as a terrace wall, where the natural slope of the gravel
had been artificially leveled. No evidcnce was obtained for the UOSC of the central area.
Marsden interpreted it as a garden or courtyard. Post Roman use of the site consists of
probable Saxo-Nonnan street creation and alignment during the Alfredian reoccupalion
of the area, creating Suffolk Lane and Laurence Pountncy Lane (the latter thought to be
originally called Candlewick Lane) at this date. A church (St Laurence, Candlewick) was
established in the mid 12th century (Woodger 1996) and this was later converted to a
chantiy. Sir John de Pountney built (and subsequently crenelated) a house on the site,
consisting of four ranges around a central courtyard between Suffolk and Ducksfoot Lane.
The Duke of Buckingham later owned the house until he was executed in 1523, after
which the crown held the land. It was granted to the Earl of Devon until he too was
executed in 1539. The site, by then known as the Manor of the Rose, subsequently
became the Merchant Taylors' school, destroyed along with the church and chantzy in the
Great Fire of 1666. The school was rebuilt, but the church was not and the resultant space
has remained open ground. The rebuilt school was destroyed in the nineteenth century
and replaced by offices, partially demolished in 19(9 to allow Upper Thames street to be
widened.
The Project
The site was examined under scheduled monument consent during redevelopment of the
land. Previous excavations in the area (see above) had revealed significant Roman
archaeology in the vicinity, and it was thought likely that the i century Roman waterfront
would also be found in the new pile positions. Conventional evaluation was undertaken
and the potential for archaeological remains was proven. Owing to the significance of the
deposits, it was decided by the Corporation of London's planning department to preserve
much of the site Lu situ, and only to excavate where absolutely necessary i.e. the new pile
positions that were designated 'engineering pits' (EN). A series of small trenches was dug,
excavating and recording everything down to the Pleistocene gravel. During this phase of
the project, monolith samples were collected from several face sections of the trenches to
examine the stratigraphy in more detail. These samples were assessed and indicated an
246
75 8075
Section II
	
10. Suffolk House
interesting sequence of sedimentation. Several samples were submitted for radiocarbon
assay and demonstrated pre-Roman sediments surviving on the site. The Roman sequence
has since been published (Brigham 2001). Following the preliminary scan and assessment,
the site was selected for analysis on the basis of:
+ The geographical location within the city of London (core area of London for
archaeology)
4 Rare survival ofpre-Roman sediments
•• Evidence for the presence of the first century Roman waterfront on sie
+ Potential to examine use of waterfront s/mciures to reconstruct hictoric river levels
Figure 86. Location of Suffolk House engineering pits within the site outline
10.2 The sequence
Two sequences from EN11 and EN2O (sample 56 and 72 respectively) were described (see
Appendix 7, Tables 85 and 86). The sequence in EN1 1 is of the Shepperton Terrace
overlain by organic clay silt sealed by Roman deposits. EN2O consists of waterlain clay
overlain by further organic muds, again sealed by Roman deposits. This section contains a
summary description and interpretation, whilst the raw data may be found in Appendix 7.
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Depth
(m.OD)
±1	 EN11
MSQO1 so -
- 3320 70 BP [BETA 129558]
-2470 ±70 BP [BETA 96089)
0.0	
_3070±7OBP[8ETA96090[
MS[ Oil -	 4190 ±70 BP [BElA 12955?]
EN2O
MS, LOi 50- ______ -2210 ±50 BP [BETA 96001]
-1
- 4380 ±50 BP [BElA 129556]
- 4820 ±100 BP [BETA 90092]
-2
	 M1OI I POLLEN 1*2 -
0	 25m
Figure 87. Suffolk House Lithological diagram
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Sequence 56, engineering pit 11
Thc sampled sequence stails at -0.4Gm 01) with sand and gravel, which is overlain by a
sand silt that lines upwards and incorporates some organics. This persists to -0.33m
where it is ovcrlain by a finer clay silt with more organic material. It is sealed by a coarser
deposit from -0.29m, with gravel within the matrix, but still containing organic matter.
The gravel is likely to have been redeposited, possibly further up the gravel slope
to the north. A radiocarbon date of 3070±70 BP (Beta 96090; 1520-1130 cal BC) (see
Appendix 7, Table 92) was obtained from -0.23in OD. From -0.13m to +0.87m, the
sequence consists of organic muds, on the whole, fining upwards. A second date was
collected towards the lower part of the organic mud; 2470±70 BP (Beta 96089; 790-400 cal
BC, +0.17m OD), covering the Early Iron Age. There is a slight coarsening of the
sediment at c. +0.50m OD that could be a result of a flooding event across the site. Wood
is present throughout, with some rooty vegetation, suggesting in-situ growth. This deposit
was mixed with domestic Roman material at +O.80m OD and all was sealed by timbers
forming the tiebacks of the second waterfront (Quay 530, dating to approximately AD84.
A series of timbers from this structure were dated, and spring AD 84 (Fyers 2001, see
Appendix 7, Table 91) is the latest date obtained and comes from a timber with bark
present. The magnetic susceptibility values were generally low throughout (see Appendix
7, Figure 187); giving no indication of localized magnetic enhancement that might have
resulted from human agency except possibly at the top of the sequence where f values
reach 15m3kg'.
' Sequence 72, engineering pit 20
This sequence can be broadly classified as one deposit. The underlying sediment could
not be sampled owing to water ingress, but was noted as a grey clay silt, present below -
2.05m OD, the interface 50mm below the point where sampling began. The sampled
sediment consists of organic mud; mainly silt clay, with a small proportion of sand above
the lowest two units. The organic matter is mainly unidentifiable, although small quantities
of detrital wood were noted almost entirely throughout. Unfortunately, no diatom valves
were recovered from any of the samples taken from this site. Several pollen samples were
assessed from the base of the sequence by Dr. Rob Scaife (see Appendix 7, 7.3),
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indicating an alder carr type environment with local woodland, presumably slighdy
upsiope to the north.
Figure 88. Roman quay (waterfront 2), Suffolk I-louse EN1 I (O.5m scale)
At the base of the sequence, at -2.Om, total organic carbon is only 4%, but
gradually increases. By -1.64m OD, it has reached 50% and stays fairly constant for a
further 0.2m until it drops to c. 30%. This persists until -1.14m OD where again the
percentage goes above 50% and remains consistent until the top of the sampled sequence
(see Appendix 7, Table 90). This suggests fairly limited fluctuation in the conditions, with
sev'èral periods where water incursion across site was stronger, but these could have been
extremely short-lived events. Figures obtained by Zong and Horton (1998, 1999) indicates
the possibility that an organic mud forming in an estuary giving TOC values of
approximately 50% is likely to be forming at or slightly above approximately MHWST.
No major changes are apparent in the magnetic susceptibility samples, all of which give
low values.
Three radiocarbon dates were obtained from this sequence. A sample towards the
base, at -1.83m OD, dates to 4820±100 BP (Beta 96092; 3900-3350 cal BC) whilst the
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very top of the sequence was dated to 2120±50 BP (Beta 96091, 260-30 cal BC, -0.9m
01)). These span the Early Neolithic to the Late Iron Age, a long period for an
accumulation of only 1 m, which could in(hcate compression and br periods of stasis or
erosion. The third sample was taken later to conlinn thc rather unexpected dates, which
gave a result of 4360 ± 50 BP (Beta 129556; 3100-2890 cal BC, -l.69-t.64rn OD). The
upper levels of the organic mud were cut by Roman timbers (684 and 685) from -1 .05m
OD. The timbers form part of waterfront three, a post and plank revctmncnt of rather
loorcr build than waterfront two. Although some of the timbers have been re-used, a date
of Al) 100-120 has been obtained for the structure (Tyers 2001). Foreshore deposits seal
the organic mud at c. -0.6m OD, which is thought to represent contemporaly MLWST,
mdicating a rise in relative river levels since the Late Iron Age.
The sequence indicates that the depositional environment is likely to have been
one with aquatic inundation of an energy low enough not to disturb the vegetation
apparently growing in-situ, which may account for the long chronology of the deposit. No
evidence of orientation was observed within the sediment (observed by eye and x-
radiograph) to indicate which direction the clay silt component came from, but it seems
likely that the it came from the Thames, or possibly the confluence of the Thames and
the Walbrook Stream, which is thought to have been approximately 50m to the west.
The Waterironts
Evidence for four distinct waterfronts is present at Suffolk House. The first was in the
form of a few undated piles present in ENI 1 (c. -l.Om OD), thought to be part of ajetty
south of the AD 50 riverbank (waterfront 1), located to the north of EN1 I and EN2O.
The" ocaiion is based on extrapolation of previously calculated MHW in AD5O of
approximately 1.2m OD (Brigham and Woodger 2001, 17). The piles in EN1I must date
to between AD 43 (date of Roman invasion) and AD 84 (waterfront 2, which overlies
waterfront 1). The presence of a jetty, if an accurate conjecture, indicates that the location
of the 1 .2m OD contour was not useahie for boats.
The second waterfront, (late 1' century), was a professionally built structure.
Tiebacks for the quay were present in ENI 1 (see Figure 89), but not the actual quay
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frontage. It is not thought to have been robbed and survives to 2.lSrn OD - slightly
higher than other first century quays. The construction is of green oak indicating the
felling date of AD84 must give the construction date to within a year, with a series of piles
and locking bars maintaining a solid structure able to retain the frontage against the river
and against the reclamation/kmdlill behind it.
The third waterfront (present in EN2O) appears less solidly built, formed of a post
and plank rcvetmcnt incorporating previously used timber in the lower sections. Its height
is thought to have been 1.5m OD (some damage is present to the top of the posts) with
the base at -045m OD. The construction date is calculated at approximately AD 120
(Tyers 2001), indicating a drop of approximately 0.6m in the working height of the
waterfront over a period of some 35 years. This could stem from a miscalculation in
optimum location for the AD 84 quay, or a drop in RRL It seems unlikely that the first
century quay was wrongly positioned because the Roman occupation and quay building
began in at least AD 52, on the basis of the timbers from Regis House (Brigham et al.
1996, 24 on Figure 85), therefore, significant experience of the Thames would have been
accrued by AD 84. This leaves a drop in river level as the most likely explanation.
Although not found on the site, a fourth waterfront is thought to have been
present, on the basis of infilling to the south of the post and plank revetinent and data
gathered in the RCI-IME survey of 1928 (Wheeler 1928, 143). It is difficult to date the
construction of the fourth waterfront, owing to the varied nature of the artefacts in the fills.
The pottery suggests a range between AD 120-60, however, a timber drain cutting through
waterfront three has a dendro date of AD 128, indicating that the quay was no longer
functioning at this date and the waterfront had moved to the south. There is,
unfortunately, no information as to the height of the working surface of the fourth quay.
However, the evidence from sites such as Regis House (Brigham et al. 1996) indicates
that the waterfront at this date continued to drop.
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0	 2Gm
Figure 89. Projected line of waterfronts, adapted from Brigham and Woodger
(2001)
10.3 Site summary
Although the sedimentary sequence at Suffolk House is a relatively short one that did not
produce any diatom valves, it has some important points. Firsdy, it is an extremely rare
example of prehistoric organic sedimentation on the north bank of the Thames in time
City. This has oniy been found once before, at Peninsular House, in almost a century of
(reasonably) controlled excavation in the area. Furthermore, the peats span the Neolithic
to Bronze Age, fitting well with the deposits further downstream (see Chapter 11). An
interesting point about the peat is the presence of a Taxus baccata pollen grain in the
lower deposits. As has been discussed above, there are issues with the taphonoiny of
Taxus pollen, and even sporadic presence may indicate a much larger community. If this
were the case, it would be the most westerly (and possibly earliest) evidence for the Taxus
community better represented downstream. Nevertheless, one grain does not a forest
make.
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The link of the peat to the Roman waterfront is also an important aspect of this
site. Thc peat is sealed by foreshore deposits, into which the Roman quay is cut. The
quays provide good evidence for river levels in the 1M and 2" centuries Al), and their
j)ositlon indicates a drop in river levels between these dates of c. 0.6mm The first quay
here dates to AD 84, well after the founding of the town and the build of the first city
quay (dated at nearby Regis House to AD 52), and therefore, it is not simply a case of the
first Suffolk House quay being iii the wrong place. This gvcs more credence to the
evidence from this site suggesting that. water levels are indeed dropping.
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Section III: Analysis
Introduction
This s'rhon contains a discussion of the data colIcctc(I 10 examine thc aims and
ObJeCtIVeS outlined in Chapter 1, USing the in(livIdual sites outlined in Section II and other
data from within the estuary. The issue of sea level change is taken first, with an
examination of tcn(lency, age-altitude calculation and finally through archaeological
means. Comparison is made with several other estuaries in southern England, particularly
the Severn. Following thc discussion of RSL is an examination of time pattern of human
occupation and activity within thc floodplain. The key question addressed is whether
there is any noticeable response of the human population to the changes in estuary and
flood plain configuration.
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Chapter 11. Sea level change
11.1 Tendency
Introduction
The concept of using tendency of sea level movement as an analytical tool has been
outlined above (Chapter 2) and is considered here in reference to the sites discussed in
Section II. The chronological tendency exhibited at these sites (see Figures 93 and 94) is
also considered in reference to the model published by Devoy (1979, 1980) and more
recently by Long et al. (2000) (see Figures 95 and 96, also Table 27).
Results
There is no clear pattern expressed in the basal deposits recorded in the cores; on the
whole, there is some evidence for an initial positive tendency of movement in the deposits
resting on the Pleistocene gravel, driven upward by a rising watertable. This is not the case
at Silvcrtown (1 in Figure 92), which is the result of organic deposition in a relict
Devensian freshwater channel, cut oil from the contemporary Thames and protected
from subscqucnt erosion, however, these points do not express tendency of movement at
this date. There is also evidence for a negative tendency of movement at the base of some
sequences at Gallions Reach (2 in Figure 92). However, the general pattern is for
inorganic sedimentation above gravel. The onset of this phase of deposition is not well
dated owing to the sediment type and lack of suitable organic material for dating. A date
from Masthouse Terrace (3 in Figure 92) of 10090±80 BP (Beta 85221; 10330-9310 cal
BC, -5.85 OD) shows the onset of inorganic sedimentation, however, this is thought also
to be in protected environment and well above contemporary RSL. There is only limited
l)iostratlgraphical evidence from these initial silts, and then it tends to come from within
the upper levels; but a clear picture of estuarine contact is shown at Wennington,
Voyagers Quay, North Woolwich (4-6 in Figure 92) and Masthouse Terrace from the 5th
to 4th millennia cal BC.
It is much easier to date the end of this initial phase of positive tendency with the
earliest date for a regressive overlap from Masthouse Terrace; 5950±80 BP (Beta 85220;
258
Section III
	 Chapter 11. Sea level change
5040-4620 cal BC, -4.35m 01)). This (late COCS from slightly into peat., and is thcrcforc
a (Cr/linus an(c qucm for peat initiation. The youngest date for this regressive overlap
comeS from Wenriington Marsh, the most (lownStrcam of the Section II sites; 5010±70
1W (Beta 76903; 3960-3650 cal BC) at an altitude of-2.55m 01). It is thought that the
CXptflSiOfl of the pcat-formmgwctlaiids occurred at this time because of a rising
watcrtablc in combination with a dccrcasc of the upstream movement of tidal waters. This
need not have been an actual reduction in RSL, but rather a decrease in the ni(c of rise in
RSL, commensurate with deceleration following the initial Holocenc surge in RSL.
TT
1	 Silvertown	 4050	 8035
2	 GaIlions Reach	 4490	 7985
3 Masthouse Terrace
	 3750	 7850
4 Wennington Marsh
	 5425	 8025
5	 Voyagers Quay	 4730	 8130
6	 North Woolwith	 4345	 7985
7	 Suffolk House	 3271	 8077
8	 Tilbury	 6466	 7540
9	 Dartford	 5675	 7600
10	 Crossness	 4815	 8015
11	 Woolwich East	 4462	 7988
12 Church Manor Way	 4662	 7988
13	 Beckton 3-d	 4270	 8200
14	 Beckton Nursery	 4260	 8200
15	 Beckton Alp	 4310	 8210
16	 Beckton Tollgate 	 4270	 8160
17 Beckton Sewage Farm 4500 	 8200
18 Bargehouse Road	 4380	 7990
19	 Albert Road	 4325	 7990
20	 Joan Street	 3160	 8010
21	 Thomey Island	 3022	 7962
22	 Wilsons Wharf	 3314	 8023
Table 24. Sites shown on Figure 92
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Figure 93. Tendency bars for selected cores (by depth)
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Figure 94. Tendency bars for setected cores (by age)
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There is much local variation in deposition during this period of wetland
cxpansion, wth a series of peaLs and organic muds at some sites, such as Voyagers Quay
and North Woolwich, which may be a result of the sites being situated relatively close to
the mam tidal channel an(l therefore more pronc to change in local sedimentary process.
However, there is a pattern present in many of the sequences of initial minerogenic
sedimentation, followed by organic deposition (with an estuarine influence during organic
accumulation, for example at Wennington and Voyagers Quay), sealed with a widespread
transgressive overlap. For the purposes of the discussion of tendency, the general pattern
will be examined, and the local complexities of sedimentation will not be considered
here.
The timing of this widespread negative tendency is recorded first at the upstream
site of Masthouse Terrace, and followed nearly a thousand radiocarbon years later by a
regressive contact at Wennington. The peat takes the form of a wood peat ubiquitously
throughout the study area in this period, which indicates a significant expansion of the
wctlands over previously brackish/estuaririe silts. The exact nature of the wood peat
varies, with evidence for alder carr and also the yew woods found at Wennington and
North Woolwich. Although not recorded from the'sites of Voyagers Quay and Gallions
Reach, the records of Spurrell (1885, 1889) suggest that the peats in Thamesmead were
also derived, in part at least, formed from this extensive yew woodland. What is apparent
is that the water table continues to rise during this period, with the wood peat replaced by
a sedge feri, generally towards the top of the major peat beds. Where diatom evidence is
available from within the peat (Voyagers Quay, Gallions Reach, North Woolwich) the
assemblages indicate that brackish/marine and fresh waters were feeding into the marshes
and woody peat-forming habitats during peat accumulation. 	 -
The earliest date for the end of peat formation is at Gallions Reach, 3240±70 BP
(Beta 100877; 1690-1320 cal BC, -1.7m OD), which is statistically indistinguishable from
a comparable date and transgressive contact at Weniiington; 3220±70 BP (Beta 76902;
1680-1320 cal BC at -1.33m OD). The peat continues forming at Suffolk House (7 in
Figure 92), in the City until 2210±50 BP (Beta 96091; 260-30 cal BC at -0.95m OD)
where the Early Roman foreshore seals it. These dates show that the inundation of the
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peals occurred approximately a thousand radiocarbon years later in the City than
downstream at Wcnnington (sec Tablc 25).
This phase of positive tendency is present at every site (seen in the field but not
possible to sainpic at North Woolwich). However, very little dating evidence is available
owing to the sediment type. It is impossible to date at Suffolk House owing to the
anthropogenic modification of the waterfront in the Early Roman period. One date is
available from Silvcrtown, where a small organic horizon within the sills was dated, giving
a result of 750±60 BP (Beta 93681; 1160-1400 cal AD at +076m OD). At the
downstream extent, the undeveloped area of Wcnmngton Marsh is currently protected by
river defences, otherwise it might still accumulate mineral sediment from the river,
however, there has been local reclamation and drainage, which has almost certainly
reduced the levels of land (Chandler 2001).
In comparison with the model of Devoy (1979), there is very little similarity
between this chronology and his published ones. Much of his model is based on the
dataset from Tilbuiy (8 in Figure 92), which is c. 11km downstream fmm Wennington,
and a further c. 28 km from the City. The depositsat Tilbury are also at much greater
depth and, in terms of the organic formation, are 2000 radiocarbon years earlier, so the
differences between the present study and the actual Tilbury sequence are not surprising.
A closer examination of the individual sequences shows that there is indeed some
similarity in terms of straightforward sequence and possibly tendency of movement.
Wennington Marsh is only slightly upstream of Dartford in Figure 92) where a negative
tendency of movement can be dated to 4930±110 BP (Q1336; 4000-3500 cal BC) at a
depth of-2.99m OD. This compares with well with 5010±70 BP (Beta 76903; 3960-650
cal BC, 2.5m OD), the date of the regressive overlap at Wennington. However, Devoy's
sequence at Crossness (10 in Figure 92) does not compare well in terms of dating,
although the general stratigraphic sequence (and that at Woolwich East and Church
Manor Way, 11-12 in Figure 92) agrees reasonably well with the Gallions Reach
sediinentology. In fact, if the actual sequence from Tilbury itself could be abandoned, the
model would be broadly comparable with these new results from further up the estuary.
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Thames (Long at at 2000)
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Figure 96. Synthetic tendency bars for the study area compared with the work
of Long et al. (2000) and Devoy (1979)
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_S1RTI71
:!
Positive	 >5950 - 5950	 >6750 - 6750	 >4800 —4800	 Mesolithic
(upstream)
Positive	 ^5010-5010	 ^5750-5750	 ^3800-3800	 Mesolithic-
(downstream)	 Neolithic
II	 Negative	 5950 - 2210	 6750 -2100	 4800 - 150	 Mesolithic -
(upstream)	 Iron Age
II	 Negative	 5010 - 3240	 5750 - 3450	 3800 - 1500	 Neolithic -
(downstream)	 Bronze Age
III	 Positive	 2210-	 2100-	 150-	 IronAge-
(upstream)	 modem
Ill	 Positive	 3240 -	 3450 -	 1500 -	 Bronze Age -
(downstream)	 modem
Table 25. Proposed tendency phases for the inner Thames, based on this work.
Elsewhere in the eastern floodplain, a similar tripartite tendency pattern may be
seen. In many cases, the base of the peat was not rtched, ong to the depth and the fact
that much of the peat has been seen in archaeological trenches rather than boreholes.
Nevertheless, the image of one substantial peat, sealed from the mid Bronze Age is seen
commonly over northeast London, for instance at Beckton (see Table 26 and 13-17 in
Figure 92) where a series of sites have shown one major peat bed between mineral
sediment These have not been analyzed in detail or published, however, the stratigraphy
has been described in detail and radiocarbon dates have been obtained from the top and
bottom of the organic sequences. What these show is a wood peat replaced by an alder
carr (Scaife 1997), in some cases with mid Bronze Age lrackways at the top of the organic
sequences. In terms of date, the peat starts forming earliest at the northern edge of the
floodplain and latest closest to the channel, taking approximately 1500 years to do so.
This is approximately reversed for the inundation of the peat, with Beckton sewage farm
inundated first in the mid Bronze Age, followed progressively by the sites to the north
over a period of roughly a millennium, suggesting the inundation was more rapid than the
wetland expansion.
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r1T;T;!;rii'1'	 jp
	
Beckton 3-.d 1 Beta 68579	 -4.5	 '	 5640 ± 70 BP '	 Base of peat	 4680-4 340
Beckton	 Beta 76883	 C. —4	 5660 ± 60 OP	 Base of peat	 4670-4360
Nursery_______ ______ ___________ ___________ ________
	
Beckton Alp Beta 80893	 -3.50	 5430 ± 70 OP	 Base of peat	 4345-4230
Beckton	 Beta 76887	 -2.5	 4720 ±70 BP	 Base of peat	 3650-3350
Tollgate___________ __________ __________________ _________________ _____________
Beckton	 RCD 2183	 -1.8	 4240 ±60 BP	 Base of peat	 2920-2620
Sewage
Farrn __________ ________ _______________ _______________ ___________
Beckton	 RCD 2182	 c.-0.7	 3220 ±60 BP	 Top of peat	 1620-1330
Sewage
Fanii __________ ________ _______________ _______________ ___________
	
Beckton Alp Beta 80892 	 -1.5	 3090±6OBP	 Top of peat	 1415-1280
	
Beckton 3-d Beta 103105	 C. - 1.5	 2330 ± 70 BP	 Top of peat	 800-200
Beckton	 Beta 76884	 -1.30	 2360 ± 60 BP	 Top of peat	 540-250
Nursery_______ ______ ___________ ___________ ________
Beckton	 Beta 76888	 -1.0	 2160 ±70 BP	 Top of peat	 380-5
Tollgate___________ _________ ________________ ________________ _____________
Table 26. Radiocarbon dates from the Beckton peats, unpublished data from
the Newham Museum archive
In North Woolwich at Bargehouse road (18 in Figure 92), a similar pattern is
present., of estuarine mineral sedimentation with one substantial peat unit dating from
5240±70 BP (Beta 148290; 4240-3945 cal BC, -3.4m OD) to 3280±50 BP (Beta 148291;
1680-1435 cal BC, -1.Om OD), which is sealed by stuarme mineral sediment (Corcoran
2001). This is closely matched at Albert Road (19 in Figure 92) nearby with the estuarine
silts, peat and then more estuarine silt, with the peat dating to between 6020±60 B? (Beta
149599; 5050-4760 cal BC, -4.3m OD) and 3010±60 BP (Beta 149598; 1410-1040 cal
BC, -0.7m OD) (Spun 2001).
The trend of one peat intebedded between mineral sediment is seen as far
upstream as Lambeth (Sidell et al. 2000) and also north Southwark (Tyers 1988). From
Lambeth, the sequence atJoan Street (20 in Figure 92) showed peat present above
freshwater silts and dated to (slightly earlier than) 4850±80 BP (Beta 119783; 3790-3380
cal BC, -2.3m OD), scaled at 2340±60 B? (Beta 119784; 760-210 cal BC, -0.55m OD),
slightly earlier (and higher) than the end of organic formation at Suffolk House, slightly
downstream. The pattern atJoan Street is more widely mirrored in the area and on
Thorney Island (Thomas Ct al. in prep, 21 in Figure 92).
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lhc data from nor-ui Southwark is interesting in that this was initially 1)tiblislIC(1 as
an analogy to lilbury IV, hut examination of the sequences shows that they fit more
closely with the end of the one key period of peat lormatioii postulated here lbr the inner
estuary. The majority of Tycrs' samples (late to the Late Bronzc Age/Early Iron Age,
between 30 10±70 BP (I-IAR-3925; 1420-1020 cal BC, 0.lm 01)) and 2570±80 BP
(HAR-3927; 900-400 cal BC, 0.38m 01)). This latter date from Wilson's Wharf (22 in
Figure 92) (which records the submerging of a sedge peat) is 370 radiocarbon years earlier
than the sealing of the peat at Suffolk House, which is approximately 500m upstream and
so sits well within the pattern suggested above.
The sequences from Tliorncy Island exhibit some similarities with those in the
City and Southwark; Bronze Age peats and organic muds have been found around the
margins of the eyot, in all cases sealed by estuarine sediment, with extensive diatom
assemblages (Side!! et aL 2000, chapter 4). The organic muds start forming after c. 1600
cal BC (c. -0.2m OD) and persist until around 700 cal BC. The deposits are sealed
earlier than at Suffolk House, and indeed occur approximately a metre higher. The
influence of the Tyburn River may have contributed to the organic mud being sealed
earlier, but it is more likely that the erosion noted ón Thorney Island (Side!! et a!. 2000,
chapter 4) has stripped some of the organic deposits. This erosion is thought to have
occurred sometime between the beginning of the Iron Age and the 12th century, possibly a
result of storms noted elsewhere in the Saxon period (Watson et al. 2001) or the building
of the Colcchurch London Bridge. The difference in altitude is more difficult to explain;
the heights of the organic mud are more consistent with those in Southwark, i.e. at or a
liule above OD, so it is possible that the discrepancy lies at Suffolk House and could be a
factor simply of the low position on the foreshore at Suffolk House whereas the others
may be at, for instance MHWST.
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Regional comparisons
Moving outside thc Thames into southern Britain, tendency analysis has been
undertaken, albeit on a rather limited scaic. Work by Shennan (1980, 1982, 198Gb) in thc
Fcnlands (sec Figurc 98) indicates where a chronology of Wash (positivc tendency) and
Fcii/and (negative tendency) has been consrucicd. Seven positive and 6 negative periods
of movement wcrc identified, starting with Wash I from c. 7000 radiocarbon years BP
(sec Figure 97a). Wash I, II, III and IV (c. 7000-4500 radiocarbon years 1W) arc in fact
only interspersed with two short ncgativc pliascs until Fcnland IV , which is more
substantial, occurring from c. 4.500-3900 radiocarbon years BP. This is succeeded by
aiiother positive tendency of movement of similar duration. Fenland V, occurring
between c. 3200-3000 radiocarbon years BP. The data following this phase are not well
resolved, but indicate a long period of RSL rise (Wash VI, VU and VIII) with several
more periods of wetland expansion. The Fens would seem to be primarily dominated by
periods of positive tendency, with only short lived periods of peat expansion and would
seem to indicate that other controlling processes are active in the Fens compared to the
Thames.
The model was subsequently slightly modified (Shennan 1994), to take an eighth
negative tendency into account (see Figure 97b). It should be noted that there is some
disagreement between Shennan and Wailer (1994a, 81) on the exact sequence of the
negative tendencies. Palaeogeographic mapping of the Fenland lithology and
biostratigraphy indicates that the area was almost continually facing RSL rise with only a
few phases of regional negative tendency. Wailer identifies the first clear evidence from c.
3800 cal BC (very similar to the Thames), with several subsequent phases, notably during
the Roman period, between c. AD 150-300, again, showing strong parallels with the -
Thames.
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Figure 98. Location map of areas used as regional comparisons for sea level
tendency, adapted from Bell et al. (2001)
A small palaeovalley in the east Kent Fens north of Deal and south of the Isle of
Thanet was examined (Long 1991, 1992 and see Figure 98) with the construction of a
tendency model with three phase of negative and two positive tendencies of movement. It
begins with a peat formation from 7100-6300 calendar years BP replaced by relatively
shoit phase of marine sedimentation until 5900 calendar years BP. A second peat is
equated to the second negative tendency and subsequent positive tendency. Rising water
tables and inundation are equated to this second positive tendency of long duration, to
3600 calendar years BP when peat began forming again. There is no date for the end of
this last phase. There are some similarities between this model and the pattern shown in
the Thames (see Figure 99). The initial pattern is dissimilar with a positive tendency in the
Thames, but the negative tendencies are broadly comparable with Long's first negative
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tendency, beginning at broadly the same time as in the Thames, but being interspersed
with a single clear positive tendency. The second period of peat formation in Kent occurs
whilst the main phase of wetland expansion is still under way in the Thames. The
subsequent submergence of the p eats in both the Thames and Kent is also roughly
contemporary, indicating, not unexpectedly that similar controlling mechanisms are at
work in both these areas.
Thames Estuary
East Kent Fens	 Pos
Neg
o	 1000 2000 3000 4000 5000 6000 7000 8000
Radiocarbon years BP
Figure 99. Tendency diagram comparing the east Kent Fens and the Thames,
from Long (1991)
Romney Marsh has also been extensively examined, both archaeologically and
geomorphologically (Eddison 1998; WaIler et al. 1999). Recently, it has been the subject
of a direct comparison with the Thames (Long 2001), which has demonstrated similarities
in several aspects of the marsh and estuary development. This is most apparent in an
initial period of rising RSL, followed by a wetland expansion between c. 5000-2500 cal
BC and subsequent reduction, leading Long to attribute a regional forcing mechanism
behind this pattern shown in both locations and indeed in Southampton Water (Long et
al. 2000) and Holland (Denys 1999).
Southampton Water (see Figure 98) has been examined by Long and Tooley
(1995) and Long et al. (2000) and the siratigraphic sequence follows a tripartite sequence
proposed in 2000 for phases of estuary evolution in southern England also demonstrated
in the Thames and the Severn. The first phase in Southampton Water is thought to begin
c. 6000 cal BC until the peals advanced from c. 4350 cal BC. This phase lasted until c.
2550 cal BC when the peals began to be inundated by the contemporary transgression
event. The model holds certain similarities with the Thames, although the period of peat
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formation in Southampton Water is rather short lived by comparison. The comparison of
Southampton Water, the Severn and the Thames led to a composite sequence being
proposed (see Figure 100).
Expansion	
{	 411] '1!.
	
1	
7000 7800
• P.M	
10000 11400
..	 E1	 and clay.
0.5	 esn Iclalnuss 8clms
Aproidm.1. sve
Figure 100. Simplified stratigraphic section of estuarine sequences from
southern England, from Long et a!. (2000)
Bell's extensive work in the Severn estuary (see Figure 98) has included an
exam inalion of tendency (2000), based on the excavations at Golddliff (i.e. Bell 1993,
1995). The combined information from across Goldcliff has enabled Bell to produce a
tendency bar (see Figure 101) demonstrating an initially complex picture, with a series of
negative and positive tendencies of movement in the period 6000-4000 cal BC. However,
this period seems to be generally one of positive tendency with two periods of a few
hundred years each of organic formation. There is then, at 4000 cal BC a significant
period of organic formation continuing to c. 1400 cal BC, when another phase of positive
tendency replaces it, continuing mainly uninterrupted to the end of the sequence, at
approximately 1 BC. The sequence at Goiddiff of Mesolithic transgression, Neolithic-
mid Bronze Age regression and subsequent transgression matches the general Thames
sequence indicated both by this work and that of Long et aL (2001), which also
considered the Seveni. There are some differences in the fine detail of the timing, but the
general pattern is similar and indicates that the events are more than locally representative
and may reflect conditions around southern Britain.
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Figure 101. Tendency diagram for Goldcliff, from Bell (2000)
A comparison with the north of England can be made with the ongoing research
in the Humber wetlands (Van de Noort and Effis 2000; Van de Noort 2001), which has
included examination of sea level tendency in the lower Aire valley (Kirby 1999, section
10.3). This has demonstrated a period of genemily positive tendency of movement
between c. 6000-600 cal BC, with a slight overlap to negative tendencies thought to start c.
1000 cal BC, continuing for approximately a millennium. The period of negative
tendency is much shorter than that in the Thames (and the Severn), and does not begin
until the period of time when the main peats in the Thames and the Severn are being
inundated, indicating a significantly different pattern in northern Britain to that in the
south. The work in the Humber has also used archaeological information to infer
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tendency; for instance, the location of the Brigg raft has been used as an indicator of
estuarine extent in the late prehistoric (Kirby 1999, 324; Smith Ct al. 1981).
Earlier work on the Humber (Long, limes et al. 1998) examined the record of
RSL change, establishing a period of positive sea level tendency between c. 1400-500 cal
BC, followed by a negative tendency for which there is evidence up to the Roman period
(see Figure 102). This correlates with the later part of the sequence established by Kirby
(1999). Long, Innes Ct al. (1998) indicate possible anthropogenic reasons for organic
accumulation at this date, associated with woodland clearance and associated run-off
leading to valley infilling and increased waterlogging, something which reflects well with
increasing sedentism noted in the Bronze Age record across much of England.
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Figure 102. Tendency graph for the Humber during the period c. 1550 cal BC to
ADI5O, from Long, Innes etal. (1998)
276
N-
c'J
Q
Q('4
4-,
a)
0)
0
-J
D
0
0)
>0
>
a
a)
E
0
>
Cl)
-c4-,
Cl)
a,9-
U)
>'
9-
U)
Sectixi HI
	
Chapte- 11. Sea level change
Summary
There is reasonable evidence from the Section II sites to show a tripartite pattern of sea
level tendency with an initial Early I-loloccne phase of positive tendency of movement,
shown on almost every site analyzed with varying levels of marine contact. This is
replaced (earliest upstream) by a negative tendency of sea level movement over a period
of 940 radiocarbon years between 5950-5010 radiocarbon years BP (Mcsolithic/Neolithic
transition). This takes the form of an extensive regressive overlap and the formation of a
wood peat that is gradually replaced by fcn peat, lasting for between 3740 to 1770
radiocarbon years. It is replaced by sediments indicating a further period of positive sea
level movement (manifested first downstream then at upstream sites) over 1030
radiocarbon years, between 3240-2220 radiocarbon years BP (Middle Bronze Age to Late
Iron Age). This phase of sea level movement is considered to have canied on to the
present day, but cannot be detected in the sedimentary record as all sites are now behind
river defences and/or have been built upon. The pattern is reflected elsewhere in the
inner Thames estuary, notably in the North Woolwich/BecktoxilBarking area, and indeed
as far upstream as Southwark and Westminster. It does not immediately match the classic
Tilbury' model, but there are distinct similarities with the more upstream of Devoys sites,
such as Dartlord and Church Manor Way.
In addition to the intra-estuary consistency for a pattern of positive-negative-
positive, there are strong similarities displayed away from the Thames. This is most
clearly shown in the Severn estuary (Bell 2000), but also at Southampton Water (Long Ct
al. 2000), the east Kent fens (Long 1992) and Romney Marsh (Long 2001). The pattern
from the east coast is different, with a more complex pattern shown in the Fenland
(Shennan 1982) and a different pattern altogether in the Aire valley (Kirby 1999). Lof1
has indicated that the similarities seen in the Thames, Severn, Southampton Water and
Romncy Marsh argue strongly for the same forcing mechanisms underlying the
development in all these areas. The differences further north on the east coast suggest that
the factors controlling sedimentation arc not the same as those further south and west and
may well be associated with isostatic processes.
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11.2 Age-altitude
Introduction
This section contains a discussion of RSL change using sea level index points obtained
from the stratigraphic clement of this research. The calculations used in litho-, bio- and
chronostraugraphy to index points have been discussed in Chapter 3, above, and details
may be found in Appendix 8, Tables 94-98. The dataset include those generated by the
present study and those from the University of Durham sea level database, with the
a(lditlon of one point from Tilbury (1 on Figure 103), excluded from the Durham
database, but used by Long (1991). Umiting data, (i.e. those which have no direct
altitudinal relationship to a former sea level) have not been used as these are considered
to be of little assistance and can overly confuse diagrams. All points have been reduced to
MSL, to ensure comparability between sites.
Iii addition to the construction of index points using the modern reference water
levels required in the calculations described in Chapter 3, each point used has also been
calculated using MI-I WST and FIAT calculated for dates over the last 2000 years. The
problem of calculating changes in tidal range is a fundamental one (see Chapter 2) and
often leads researchers to make the assumption that there has been no change in tidal
range over the Holocene, i.e. Kirby (1999). This is perhaps not so much an assumption
than a tacit acknowledgement of the difficulty of establishing the magnitude of change.
IJnfortunatcly, it has not been possible to calculate tidal range for the prehistoric period
in the Thamcs estuary, but it is hoped that the historic period ranges that have been
constructed are at least a step in the right direction. The way these have been calculated is
discussed in Chapter 3 and further detail may be found in Chapter 11.3 below. Figures
104-109 show the age altitude graphs, based on data presented in Appendix 8. The
chronology for each point is expressed at the maximum confidence intercept (95%
conlidcncc) of the radiocarbon ranges. The basal peat dates have been distinguished in
the graphs as these values are likely to be less affected by sediment compaction and
therefore more accurate than non-basal points (see Shennan 1994). Unfortunately there
are few of these points. In the main, the index points are calculated from transgressive
overlaps with biosiratigraphy showing a positive tendency of sea level movement.
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____
1	 Silvertown	 4050	 8035
2 Masthouse Terrace 3750	 7850
3	 Tilbury	 6466	 7570
4	 Gallions Reach	 4490	 7985
5 North Woolwich	 4345	 7985
6	 Suffolk House	 3271	 8077
7	 Storeys Gate	 2990	 7960
8	 Union Street	 3178	 8001
9	 Broadness	 6057	 7664
10	 Stone Marsh	 5702	 7594
11	 Westminster	 3022	 7962
12 Bramcote Grove	 3515	 7805
13 Wennington Marsh 5425	 8025
14	 Crossness	 4815	 8050
15 West Thurrock	 5883	 7700
16 North Southwark	 3250	 7950
17	 Littlebrook	 5622	 7584
18 St Stephens East 	 3000	 7800
19 voyagers quay	 4730	 8130
20	 Joan street	 3250	 8000
Table 28. Sites shown on Figure 103
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Age-altitude graphs
Figure 101 shows all sea level index points calculated using modern MHWST and HAT
values. General things to note are the consistent upward trend in RSL with a pronounced
slowing of the overall rate at around 4000 cal BC. This is matched by the tendency
analysis in Chapter 11.1, which shows an increase in negative tendency index points from
this time onwards. There is considerable 'scatter' within the graph, but this may be a
lactor of differential compaction rather than eidence for small-scale oscillations in sea
level. There appears to be a general trend that the more upstream/westerly sites at
Silvertown and Masthouse Terrace (1 and 2 on Figure 103) plot higher than those
downstream. Furthermore, the points from Tilbuiy (3 on Figure 103) plot lower than
points of similar date. This was shown in the original model (Devoy 1979) and has been
discussed since (Long 1991, 1995; Haggart 1995), but is confirmed here by comparison
with the new data, where points from Gallions Reach, North \Voolwich (4-5 on Figure
103), Silvertovn and Masthouse Terrace all plot higher. An anomaly with this is that the
points from Silvertown generally plot higher than those from upstream, i.e. Suffolk
House, Storeys Gate and Union Street (6-8 on Figure 103).
Basal points
The basal dates (see Figure 110) indicate increasing waterlogging on the gravel terrace
dating from c. 7000 cal BC at c. -15.5m from Tilbury. This index point gives an early
indication of rising watertables from within the study area with the formation of a wood
peat (Devoy 1979), and is a thousand years earlier than any of the other basal dates from
the estuary. The next in sequence come from Broadness and Stone Marsh (9-10 on
Figure 103), at an altitude of c. -12.4 in both cases. Devoy (1979) classes these as Tilbury
II freshwater wood/alder carr peats with the possibility of nearby salt marsh at Stone
Marsh. Two new basal dates have been obtained on organic muds, both from Gallions
Reach, dating to c. 5000 cal BC (-9.4m OD) and c. 4000 cal BC (- 6rn OD). The second
of these formed over a gravel high in the south of the site, giving some indication of the
rate of organic formation in the area. The earlier deposit was an organic mud, with some
diatom evidence for marine conditions. These form the total of basal index points from
the Tilbury to Westminster (11 on Figure 103) stretch of the estuary. It should be noted
however, that there is earlier evidence of organic formation, from both Masthouse
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Terrace and Silvertown, dating to the Late Devensian. These deposits are thought to have
formed in relict channels, but are evidence for earlier organic formation than has been
previously thought for the estuary, along with deposits from Bramcote Grove (Thomas
and Rackham 1996, 12 on Figure 103). It seems unusual that Devoy did not recover any
similarly dated deposits and it is perhaps a phenomenon only to be found in this reach of
the river, associated with the Isle of Dogs meander. However, it is also possible that thin
organic units on the gravel may not have been noted in the commercial logs that form a
large part of his dataset.
Chronologically, the second group of index points comes from the top of the
basal peats. As has been shown, there are relatively few organic deposits resting directly
on the Devensian gravel. Generally, inorganic sediment rests upon the gravel, but this
could not be dated. The dates from the transgressive ovçrlap at the surface of the basal
peals that do exist give a good date for early marine conditions in the estuary, although
marine conditions certainly reached Gallons Reach during basal organic formation.
The earliest available point comes from Tilbury and dates to c. 6800 cal BC,
where the diatom assemblage indicates brackish water. Further upstream, the basal peat at
Broadness Marsh is sealed at c. 5500 cal BC (-1 1.8m) whilst that at Stone Marsh is also
inundated at a very similar date, but c. O.6m lower. The pollen suggests freshwater
conditions at this point. The organic muds at Gallions Reach develop into true peals, with
no actual transgressive overlap until significantly later.
During the period of basal peat formation and the initial positive marine tendency,
between 7000-4000 cal BC, the graphs indicate that MSL rose by c. 8m, or c. 2.6mm/year
for this period (See Figure 111), indicating rapidly rising waters. Comparison with Devoy
(1979) is difficult, as he does not consider this period independently, and indeed records
a RSL drop at c. 6000 cal BC. He records a rate of rise of c. 5mm/year for the period
5500-4500 cal BC; still double that suggested by the new graphs; however, the work of
Jelgersma (1961) suggests 3.6mm/year for the Dutch coast of this date.
A final point to be made regarding the basal points relates to sediment
compaction. By comparing the altitude of basal points with those of similar date, it is
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possible to examine compaction. The older basal points plot above points of the same
date range elsewhere by up to three metres. The younger basal points tend to be
incorporated into the middle of the general scatter, apparently indicating some
compaction elsewhere, but nowhere near as significant as associated with the older dates.
This is obviously related to the weight of overburden, differentially compacting the lowest
deposits, and suggests that compaction is much less of a problem with the younger
deposits.
Wetland expansion
During the discussion of tendency in Chapter 11.1, it has been shown that there is a
major period of wetland expansion in the estuary dating from c. 4000 cal BC. This is
dated by the regressive overlap in several site sequences. The outer estuary sites do not
generally follow the same pattern. However, the Tilbury III peat does start forming in
several places at roughly this date with a regressive contact of c. 4200 cal BC at Broadness
and c. 3600 cal BC at Stone Marsh, at depths of -8.4 and -6.6m OD, respectively.
Howevcr, the chronology shows that the peat forms earlier out in the estuary (Tilbury)
and latest further up the estuary (Stone Marsh). This is in direct contrast with the pattern
between Masthouse Terrace and Wennington (13 on Figure 103 and see Figure 111).
Furthermore, it is contrary to expectations of wetland development within this type of
system, where coastal advance is more likely to begin further from the sea. Although it is
possiblc that lag time in peat formation might be expected in locations perpendicular to
the estuary and therefore the marine interface compared with those adjacent to it, in this
case the pattern at Tilbury and Stone Marsh is unlikely to be explained by this possibility
as Stone Marsh is currently very close to the Thames.
Marine conditions are seen in the diatom record during the period of wetland
expansion, and it is considered that the slow down in the rate of rise shown in Figure 104
is just that, a slowing, but not an actual drop, in RSL rise. The three points from North
Woolwich between 5000 and 3000 cal BC show this trend clearly. The reduction in the
rate begins at c. 4000 cal BC and lasted for up to 3500 years, when the peat formation
ceased at Suffolk House, overlain by the gravel foreshore. This occurred relatively late,
and it can be seen on Figure 104 that there is a cluster of points marking the transgressive
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overlap from c. 1600 cal BC. The graphs indicate that during the period 4000-1500 cal
BC, MSL rose by c. 2m, or 0.8mm/year. Superficially, this conesponds well with the rate
of 0.75mm/year predicted by Shennan and Horton (2002) for the Thames for the period
2000 cal BC to present and suggests that their rate of rise could be extended back to c.
4000 cal BC. However, Shennan and Horton compensated for compaction, allowing 50%
compaction. If this is applied to the new data, then the rate for the period of wefland
expansion is lower than that applied by Shennan and Horton, which is to be expected for
this period of estuary contraction.
Rate of MSL rise
Intel transgression, 7000- Regression, 4000-1500 	 Second transgression,
4000caiBC	 calBC	 l500caiBC-AD2002
Based on calculations using modem reference water levels and not correcting for compaction
Figure 111. Bar chart showing estimated rates of MSL rise,
Second transgression
The transgressive overlaps from the peat from c.1500 cal BC record the second phase of
estuary expansion. These points are oldest downstream at Wennington and Gallons
Reach. Here, transgressive contacts occur at -4.6 and -5.Om OD respectively from c. 1500
cal BC. Two transgressive contact dates from the Devoy model occur a millennium
earlier at Crossness (14 on Figure 103) and Stone Marsh at -5.2 and -4.2m OD
respectively, again showing problems of relative depth and position within the estuary.
This is because Stone Marsh is nearer the sea and would therefore be expected to be
subject to the transgression earlier. It is unusual that the event should occur at the same
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depths but separated in time by a millennium. This could potentially be explained by
increased compaction upstream, occurring against a background of relatively slow RSL
rise.
The majority of points from c. 2000 cal BC come from transgressive overlaps
showing an increased rate of RSL rise with the transgression occurring later and
altitudinally higher in the upstream zone. As has been noted above, the Silvertown points
plot higher than those in the City reaches and at Westminster. Silvertown has been
relatively undeveloped, whereas the City has been intensively built upon since the Roman
period and the anomaly could be a result of greater compaction upstream relative to
Silvertown. Another possibility is that of increased tidal friction around the Isle of Dogs
and up into the City, where the palaeotopography takes the form of islands, tidal creeks
and marsh on the south bank. This could have led to tidal dampening and an up-estuary
reduction in tidal amplitude, possibly accounting (in part at least) for the relatively higher
MSL altitudes recorded at Silvertown.
Taking modem MSL as OD, the calculated rate of MSL rise over the period
1500 cal BC to AD 2002 is c. 1 .9mm/year, over double that of the rate during the period
of wetland expansion, but less than that estimated for the initial Holocene transgression.
The relative rates across these periods are unexceptional as the second transgression is
unlikely to match the initial one, owing to the increase in global ocean volume
experienced in the Early Holocene. However, Shennan and Horton (2002) have
calculated a net rise in MSL of 0.74mm/year, for roughly the same period. When the
correction for compaction is taken into account, the figures are closer with a value of
0.95mm/year for the new data, or 1.48mm/year for Shennan and Horton if the correction
is removed.
Historic tidal range
The MSL graphs plotted with points calculated using MHWST and HAT from the
historic period (Figures 105-108) show a clear altitudinal differential from Figure 104 with
some index points being raised by up to Sin from the calculated MSL altitudes shown on
Figure 104 (Tables 15 and 16, Chapter 3). This greatest differential comes by using the
AD300 values, with MSL shown at OD in the medieval period and above OD in the Late
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Bronze Age. This accords reasonably well with what is known of the archaeology of these
periods, for instance when the Southwark fields were submerged, and if true, indicates
that MSL dropped at some point subsequent to the Bronze Age. The other historic
period graphs were plotted to indicate the variation to be obtained through attempting this
method, however, they show less differential than that using the AD300 values -
therefore, this diagram is considered to be the more accurate graph.
There is a particularly clear trend in the archaeological record for a drop of c.
1.5m in MHWST and HAT for the Roman period. Unfortunately, this is a period for
which there are no stratigraphical sea level index points with which to test this. All the
evidence comes from the waterfront archaeology discussed below in Chapter 11.3. This
leaves the problem of how to account for this apparent drop at this date. Devoy (1979)
recorded a small regression (Tilbury V) at this period, but did not suggest a direct cause
for it. Limited data from outside the Thames lends some credence to historic period
fluctuations in MSL. In Poole Harbour Edwards (2001) has identified a possible drop in
MSL between the end of the Roman and the mid Saxon period. This does not overlap
with the Thames, but indicates that there are periods where MSL does oscillate.
Further evidence comes from the Belgian coastal plain where there is some
evidence for a regression during the Roman period (Baeteman 1983; Ervynck et al.
1999), previously thought to have taken place throughout the entire Roman period. A
further parallel is a negative tendency of sea level movement in the Fenland (Wailer
1994a, 81) identified between AD15O-300. Although the start date is earlier in the
Thames, the end date for the Fens matches veiy closely and lends credence to the
suggestion of coastline advance if not necessarily a drop in RSL There is additional
circumstantial evidence of a drop in RSL in the Roman period, which comes from
evidence for a Late Roman transgression. This has been identified in the Severn (Rippon
1997; Locock and Walker 1998), Romney Marsh (Long, Wailer et al. 1998; Rippon
2000, 138) and the outer Thames and Crouch (Wilkinson and Murphy 1995, 220-221).
There is only one sea level index point from the post-Roman period. This comes
from Silvertown and dates to the medieval period, c. 1100-1400. It is difficult to say
anything about one date, however, when it is compared with the Late Iron Age points,
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there is an apparent rise in MSL shown. However, when compared with some of the
previous points from Silvertown, it can be seen that there is no net altitudinal rise, and
indicates an anomaly here. The earlier Silvertown points plot relatively higher than those
from further upstream and it is possible that either Silvertown has not been similarly
compacted, or possibly that variation in tidal elevation around the Isle of Dogs meander
and into the City led to deposits forming at slightly higher altitudes at Silvertown.
Nevertheless, when the medieval point is viewed against earlier ones from elsewhere, a
rise is shown, and it seems likely that it represents a real trend, especially when compared
with the archaeological data for the period (see 11.3 below), with MSL at approximately
OD. This contrasts with a figure of c. -3m OD shown on Figure 104. It should be noted
that the archaeology of the period shows the waterfront (thought to approximate to HAT)
during the Early medieval period to be at c. +1.5m OD.
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Regional comparisons
Long (1991, 1992, 1995, 2001), Shennan (1989), Long et at (2000) and Shennan and
Horton (2002) have compared the Thames with other British estuaries. There are clear
parallels when the simplest tripartite model of RSL change is viewed; rapid rise followed
by a more gradual rise and then a second increase in the rate of RSL rise from c. 1500 cal
BC. IJnfortunately, the fine detail is too often absent for close comparison. This is
particularly the case with the historic period and the Early Holocene where index points
arc generally unavailable. However, the pattern of sea level tendency in the Thames is
readily matched in Lime Severn, Southampton Water (Long et al. 2000) arid Romney
Marsh (Long 2001). Comparison with the Fenland is more difficult, with less obvious
matches of age/altitude and tendency (Shennan 1992, 1994). Nevertheless, the trend
observed by Wailer in the palacoccological and palaeogeographical record (1994a) of
systematically rising RSL with a period of coastal advance and dominance of positive
tendencies from c. 4000 cal BC indicates reasonable affinity with the Thames.
Discussion
This examination of the available age-altitude data from the Thames allows several issues
to be discussed. The problems with the Dcvoy model will be discussed alongside Devoy's
own sues[e(l explanations (1979). The appropriateness of continuing to use Tilbury as a
type-site will be discussed and finally, a new model for inner and mid estuary trends of sea
level tendency and age/altitude change will be proposed.
Differential crustal movement
The reasons cited by DeDy for the altitudinal offset between his inner and mid estuary
curves were differential compaction, changing tidal amplitude but more particularly,
downwarping. Differential downwarping has been discussed by several authors (Shennan
I 987b; Long 1995) who found no evidence to sUpport this suestion. Long refuted the
suggestion of differential crustal movement along the estuary by comparing the Thames
data with that from the East Kent Fens (1992, 1995), which compared well with the inner
Thames and therefore negating the idea of west-east subsidence. Indeed, Long (1995)
indicated that compaction and to a lesser extent, changes in tidal range may have
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contributed to this appearance of crustal movement. Certainly there is no evidence on the
geological map for the area (BGS sheet 271, Dartford) of any structural features (such as
faults).
Differential compaction
'The potential for differential compaction within the estuary is high, owing to variables
such as location and nature of the biogenic deposits. Devoy ruled compaction out, stating
that this had not:
... causcd major discrcpancics or anomalies in the heights ofthe peat and clay
sequences seen in the straiiçraphy' (Devoy 1979, 394).
one of the bigger problems with the Devoy model is just that - peat
formation at Tilbuiy occurring at different altitudes to elsewhere (see Figure 112 above),
generally (but not consistently) lower than that observed at other sites. This might suggest
uicrcascd compaction at Tilbury had more of a role than Devoy estimated. Furthermore,
there is a possibility that the presence of the substantial unit Thames III has caused some
of the apparent anomalies within the Tilbury sequence. This unit could have led to a
greater compaction of the underlying Tilbury III than occurred at the other sites where
Tilbury HI is present, and where Thames III i5 less than a fifth of the thickness as at
lilbury, i.e. Broadncss, Thurrock and Stone Marsh. There have also been questions over
the Tilbury Ill/Thames Ill transgrcssive contact being too young relative to the non-
Tilbury sites, however, if Tilbury Ill has been over-compacted relative to them, then this
would no longer be anomalous.
The issues involved with the thickness of the Thames III deposit might also be
used to explain the other major problcm at Tilbury; that Tilbury IV is relatively old and
high. It may be possible to answer this by invoking the same premise of differential
compaction in relation to the other sites, but in reverse. Tilbury IV at Tilbury is likely to
have formed on a firmly consolidated surface of a 2m thick Thames III, which had
compacted the underlying Tilbury III. However, at the other sites, Tilbury IV formed on
a much thinner Thames III, as little as O.2rn at Stone Marsh, which is unlikely to have
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had sufficient density to greatly compact the underlying Tilbury III. Possible support for
this comes with the relative thickness of Tilbury III; 2m at Stone Marsh and c. 1.25m at
Tilbury. It is unfortunate that the upper contact of Tilbury IV is only dated atTilbury; it is
to be expected that it would be submerged first and lower here relative to the other sites,
but it would be useful to know by how much. By considering these issues, it appears that
there are indeed significant problems caused by differential compaction.
Changing tidal amplitude
The second of Devoys sucstions of increased tidal amplitude up estuary is certainly a
factor, however, it is difficult to know by how much. Devoy cites increasing tidal
amplitude as a cause for the upstream deposits to form at a higher altitude. Figure 112
shows that there is limited increase from the downsiream'to upstream zones, however, it
seems unlikely that this was ever enough to cause the discrepancies identified in the
Tilbury model. Comparison of the modem with the AD300 values (Figure 113) indicates
that there was a greater difference between FIAT and MFIWST, but it does not seem
likely that this would have caused the altitudinal differential in Devoy's sea level curves.
The change from estuary expansion to contraction at c. 4000 cal BC is likely to increased
tidal amplitude at this period, but if there was such a change, it may have been negated
when the wetlan(ls were submerged during the subsequent transgression. Following on
from this, there is no evidence in the historic period for significant increase in tidal range
until the medieval period (Figure 113), resulting from embankirig and the effect of
London Bridge. By this time, the sequence at Tilbury was sealed, nor in an affected area.
On the basis of these points, this explanation for the discrepancies does not seem likely.
More recently, calculations of sea level change using modeled Holocene tidal
range (Shennan and Horton in press) have been calculated for several estuaries and
revealed altitudinal variation of up to 2m. This is seen in the Fenlands, and compares
relatively well with that calculated in this thesis for the Thames, of up to 5m.
Furthermore, Shennan and Horton have calculated the rate of relative land
subsidence/sea level rise since in the Thames since 2000 cal BC to be in the order of c.
0.74mm/year RSL rise. They have demonstrated that where previous tidal range is
brought into the equation, this rate generally decreases. As yet, they have not corrected
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the sea level index points from the Thames for such change, but in the Fens, the
predicted rate of RSL rise was halved. If the Thames is truly showing a greater change in
tidal range variation than the Fens then potentially the calculated relative subsidence rate
should also be halved here, to below 1.5m over the last 4000 years.
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Figure 113. Graphs showing tidal variation within the estuary
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RSL change in the Thames- summary
It is clear that the new data discussed in this thesis do not accord absolutely with those
published by Dcvoy (1979) and that it must be considered that the problems with the
Devoy model discussed by other authors (Haggart 1995; Long 1995) will not easily be
resolved. As yet, the best explanation for the difference between Devoy's two curves is
associated with differential compaction within his stratigraphic model, rather than crustal
or tidal issues. It is clear that until the problems are resolved, Tilbury's utility as a type-site
for the estuary is iiull and void.
A new model is therefore proposed, incorporating both tendency and age-altitude
iiiformation based on both extant data and new data gathered for this thesis. This is of a
tnpartflc sequence of change.
l'hasc I- F.arJy Holoecnc ti-wsrcssion
The actual onset of this is not accurately dated; organic sedimentation associated with the
rising watertable is seen from c. 7000 cal BC and sealed by mineral sediment with
cidencc for cstuarinc waters. Mineral sediment is seen elsewhere before 6000 cal BC,
again, containing evidence for cstuarinc conditions. It is suggested that the middle/inner
estuary was subject to the transgression from at least as long ago as 6750 cal BC and was
made manifest in both mineral and organic sequences with a calculated rate of RSL rise
of 2.6mm/year.
I'hasc II- I cdand cipansion
The estuary was subject to a slow down in the rate of RSL rise from c. 6000 cal BC,
demonstrated in the wI(lescalc development of peat, in some places leading to the
dcvckpincnt of mature Wood peat including the Taxus community. This took
approximately a milleiiniuin to occur from upstream to downstream, between c. 4800-
3800 cal BC. This appears to have occurred whilst RSL continued to rise, at
approximately 0.8mm/year.
Ph.%se III - Sceond Uansgrcssion
The final phase reflects conditions from the transgrcssive overlap sealing the peat beds
formed in phase II and takes the form of widespread estuarine mineral sediment. Again,
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this appears to have taken approximately a millennium to spread from the middle to
inner estuary, starting c.1500 cal BC. A rate of rise has been calculated at 1.9mm/year,
however, this is based on MSL altitudes calculated using modern tidal range. With index
points calculated with historic tidal range, the sea level index points are raised in altitude,
and for this phase, the calculated rate of RSL rise must be reduced to possibly as little as
O.3ni/year. Furthermore, there is evidence for a drop in MSL during the Roman period
of up to 1 .5m, the reasons for which cannot, at this point, be explained.
This is a general model; not all the data points fit exactly into it, however, it reflect
the general trends shown in the age/altitude and tendency graphs. The new dataset rejects
the use of the middle estuary sea level curve and stratigraphic sequences published by
Devoy (1979) and supports the modcl proposed by Long et al. (2000). The use of the
modeled historic tidal ranges (and the associated graphs) is offered for discussion as an
option for refining age/altitude calculations.
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11.3 Archaeological datasets
Introduction
As in(hcatcd in Chapter 2, it is possible to use archaeological stratigraphy to assist in
reconstructing past rclative river and sea levels. This is paiiicuIa'ly the case in areas where
the archaeological structures were constructed wah direct reference to water levels, as may
be found in ports, crannogs and coastal seujcments. Alternatively, low-lying archaeological
sites found in association with estuaries may be used to assist sea level reconstruction
either as limiting data or by calculating reference water levels such as MHWST at given
periods in given locations. Owing to the accuracy of the dating of many of the Thames
structures, and the relative mcoinpressibility of the sediments they are founded upon,
these 'limiting' values arc arguably more accurate than the age-altitude figures themselves,
which arc subject to large errors both chronologically and altitudinally. Of the sites
analyzed, only Suffolk House (Chapter 10) contained useable archaeological sequences
for examining movement of river levels. Therefore, a series of other sites in the Thames
floodplain will be discussed in this section, to draw together as much data as possible to
as,ist in RSL reconstruction. They are discussed roughly chronologically and the data are
presented iii laI)lc 31. This information has been used to generate the values (see
Appenthx 8) used in the age-altitude calculations discussed above.
Prehistoric
There arc a series of prehistonc sites situated within the study area examined in this
thesis. Unfortunately, only one prehistoric dciidro date is available from London, and that
is not associated with any archaeological stratigraphy (see Chapter 4), which severely
reduces the chronological resolution. Nevertheless, there are some archaeological sites in
the floodplain that may pcthaps be used to proidc limiting values for the altitude of the
river.
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irni	 irn
I	 Spine Road, Erith	 5060	 7880
2	 Wennington Marsh	 5425	 8025
3	 Voyagers Quay	 4730	 8130
4	 Fort Street Silvertown	 4077	 8020
5	 Silvertown Urban Village	 4050	 8035
	
6 Royal Docks Community School 4130	 8110
7	 Beckton	 4270	 8200
8	 Barking	 4380	 8350
9	 Rainham	 5280	 8200
10	 North Woolwich	 4345	 7985
11	 Dagenham	 4860	 8330
12	 Bramcote Grove	 3515	 7805
13	 Masthouse Terrace	 3750	 7850
14	 ThreeOakLane	 3365	 7984
15	 Hopton Street	 3182	 8045
16	 Phoenix Wharf
	 3379	 7965
17	 Lafone Street	 3365	 7960
18	 Wolsely Street	 3397	 7975
19	 Vauxhall	 3020	 7800
20	 Fennings Wharf	 3281	 8037
21	 Suffolk House	 3271	 8077
Table 29. Sites shown iii Figure 114
The earliest of these is the Spine Road, Erith (Bennell 1998, 1 on Figure 114), a
Late Mesolithic industrial site situated on the contemporaiy foreshore, but thought to
have originally accumulated above MHWST. This is on the basis of the unabraded and
re-fitting flints covering the foreshore (Taylor 1996) that were gradually incorporated into
silty sands. The flints are dated to the Late Mesolithic on typological grounds and the base
of the peat sealing the foreshore is dated to 5570±90 BP (Beta 88688; 46704230 Cal BC,
-2.65m OD). The two dosest sites that have been analyzed are Wennington Marsh (2 on
Figure 114) and Voyagers Quay (1 on Figure 114), slightly upstream. The data from
Wenningtori arc reasonably consistent with the resuks from Erith, with a date of 5010±70
BP (Beta 76903; 3960-3650 cal BC) at a depth of-2.55m OD for the inception of peat
fonriation. The results from Voyagers Quay arc less comparable. The lowest recorded
date here is present at -3.9m OD, much lower than the equivalent deposit at Erith, but
dates later, at 4750±70 BP (Beta 93676; 3660-3370 cal BC). At -2.6m OD, close to the
altitude at Erith, the deposits date to 3990±70 BP (Beta 93674; 2850-2300 cal BC), but
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are well into organic formation. It is possible that this discrepancy is due to some natural
variation in the altitude of the Pleistocene gravel and/or compression of the Voyagers
Quay peals.
I
(Longest is c. 70mm in length)
Figure 115. Flints from the Erith Spine Road, Bexley
The next archaeological site in date is the Fort Street trackway (Crockett et al.
2002,4 on Figure 114), which is located on the sand bar present in the stratigraphy on the
eastern side of Silvertown Urban Village (5 on Figure 114), Chapter 8. The structure is
thought to rest on a slightly elevated eyot/bar within the marsh on the north bank
floodplain. It is located between -1.28 and -O.99m. OD and dates to the mid Neolithic
(see Figure 116). There is some difficulty with the dating of the structure in that the planks
and the Limbers identified as stakes do not give a consistent date. It seems likely that the
date of the planks is more appropriate to use as the stakes could easily be unassociated
with the planks and have been driven from above. This gives a date of 4410±60 BP (GU
4407; 3340-2910 cal BC). The peats in the area are likely to be forming slightly above
MHWST and therefore the sand island is raised above this, giving a reasonable limiting
level for the river. By comparison with the Silvertown Urban Village, there is some
discrepancy between date and altitude. The closest match is 50 10±70 BP (Beta 120960;
3960-3660 cal BC) at -1.Om OD, but this is still several hundred years earlier than the
Fort Street structure. The fact the irackway is on a raised island probably makes for the
problems of comparing age/altitude points.
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Figure 116. Fort Street trackway, from Crockett et al. (2002)
A site slightly to the east of the Silvertown trackway is the Royal Docks
Community School, Custom House (Holder 1998, 6 on Figure 114), a sand eyot raised
slightly above the level of the surrounding marsh at c. 0.5m OD. This was capped with an
eroded occupation surface with spreads of fluiit, pottery and a series of features with a
timber platform. The island seems not to have been a settlement site but rather a location
that was S)oradicaIIy visited and used for a variety of purposes. The pottery dates from
the Late Neolithic to the Middle Bronze Age with Deverel Rimbury and Peterborough
Ware forms present (Holder 1998). A date from the buried soil was 3080 ± 50 BP (Beta
118940; 1430-1200 cal BC) with a subsequent date for the top of the buried soil, which
was sealed below (presumably estuarine clay) of 2490 ± 50 BP (Beta 118939; 800-400 cal
BC, 0..5m OD). This indicates that this part of the estuary was flooding to at least 0.5m
01) by the mid Iron Age.
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to the north and cast of Custom I-louse is a series of Middle Bronze Age timber
tmckways, of ten l)UflCd within alder can peat., slightly below the top of a substantial peat.
'I'hcsc are generally made from uncoppice(l alder of brushwood bundles and are found in
Bccktoii and Barking (Mcddcns 1996, 7 and 8 on Figure 114). They wcrc used to
facilitate crossing the boggy marshes, possibly for 1)0th functional and ritual actities. Two
examples arc found at Bcckton. At Bcckton 3-1) a cradle supported trackway (Figure 25)
was recovered at e-2m OD with a date of 3070±80 1W (Beta 68578; 1520-1100 cal BC).
A similar structure was found in a large peat bed at l3cckton Nursery, dating to 3080±50
1W (Beta 76885; 1430-1220 cal BC, -2.lm OD). Others have been found in Rainharn
and North Woolwich (9 and 10 on Figure 114), all dating to the Middle Bronze Age and
generally just below the top of the peat. North Woolwich pumping station is relatively
close to these sites, however, altitudinally higher at this date, which may simply argue for
greater consolidation at Beckton where thicker peals are present than at Woolwich.
It seems likely that a mid Bronze Age stone causeway in Dagenham (Meddens
1996) (11 on Figure 114) was used for moving livestock into the marshes here. The
causeway is located at -1 .7m OD and is dated to the penod between 3380±80 BP (Beta
70882; 1880-1520 cal BC) and 2960±80 BP (Beta 70881; 1400-1000 cal BC), as these are
the dates obtained from peat directly below and above it. This is likely to be above
MHWST if indeed it was used to facilitate a pastoral economy. However, other
interpretations are possible, such as a routeway to the river for people, for either ritual or
functional purposes. The dosest analyzed site on the north bank is Wennington, where a
comparable date of 3320±70 BP (Beta 76903; 1680-1320 cal BC) at -1.35m OD was
recovered from the transgressive contact. Voyagers Quay is almost directly opposite
Dagenham, but the results are less comparable, with a date of 3020±60 BP (Beta 93673;
1430-1 020 cal BC) obtained from the transgressive contact at -1.9m OD. This, as with
the Erith sire mentioned above, may indicate differential compression at Voyagers Quay
with younger dates at lower altitudes than elsewhere.
Several trackways have now been studied from the south bank; indeed there is a
contemporary one at the E-ith Spine Road to those on the North Bank (Bennell 1998). It
is a slightly different build (see Figure 117), being a hurdle panel of double sailed type of
coppiccd alder (with a few fragments of hornbcain, pine and oak), and dates to 3210±90
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BP and 3010±80 BP (Beta 88689/90; 1700-1300 cal BC and 1440-1010 cal BC). It was
contained towards the top of an alder carr peat (Sidell Ct al. 1997) at -1.22m OD. Again,
this may indicate differential compaction at the nearby site of Voyagers Quay, whilst it is
reasonably comparable with the transgrcssive contact at Wennington.
Figure 117. Drawing of the Erith trackway, from Bennell (1997)
Another traekway is present at Bramcotc Grove (12 on Figure 114) in the
Bcrmondscy floodplain (Thomas and Rackham 1996), in the marsh extending over an
iiililled relict lake basin (sce Figure 118). Itis unusually formed of oak trunks and is
slightly earlier than the roundwood trackways, dating to 3350±60 BP/3410±70
BP13370±60 BP (Beta 70410/11/12; 1740-1530 cal BC) at an altitude of-1.lm OD. The
closest analyzed site to Bramcote is Masthouse Terrace (13 on Figure 114) across the
Thames on the Isle of 1)ogs, however, the results are not a good comparison; a date of
3920±80 BP (Beta 85218; 2620-2140 cal BC) is the closest., however it is at an altitude of
-2.75rn 01)); significantly lower than the Bramcote trackway, but only a few hundred
radiocarbon years earlier. This may be associated with the different sedimentary
environments; Bramcote tilled in a relict lake basin whilst Masthouse Terrace appears to
have been in a much more dynamic environment, affected by local channels and the
Thames itself.
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In summary, the trackway sites have a number of similarities. They are generally
constructed in the mid-Bronze Age at the top of peat sequences when the peats appear to
be getting increasingly waterlogged, but are thought to reflect a level above MHWST. The
number of such occurrences indicates that this is a widespread trend in the area of east
London, and perhaps can be taken as a good indicator of rising water levels.
Figure 118. Reconstruction of the Bramcote trackway, from Thomas and
Rackham (1996)
In addition to the trackway sites, there is evidence for field systems that can also
be used as limiting data, as they must have been above the river to function. They are
identified as arabic on the basis of the ard marks found on the sites, and indeed the ard
share (Figure 119) found at Three Oak Lane (Proctor 2000, 14 on Figure 114). There are
possibly two phases of activity, starling at Hopton Street (15 on Figure 114) in the west,
where a series of ard marks was found sealing a pit with a placed deposit of a very unusual
Beaker bowl. This has been interpreted as a ritual deposit, placed prior to taking the land
into cultivation (Siddll Ct al. 2002) and has been used to date the site to approximately
2000 cal BC, present at +0.7m OD. This is higher than the second phase, at c +0.4m
OD, centred upon Phoenix Wharf (Sidell et al. 2002, 16 on Figure 114), Lafone Street
(Bates and Minkin 1999, 17 on Figure 114), Woisely Street (Drummond-Murray et al.
1994, 18 on Figure 114) and Three Oak Lane.
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All of these sites exhibit ard marks, but none have placed artefactual deposits.
They are all within a hundred metres of each other and the marks are on the same
alignment, within a degree or so and have been interpreted as a co-axial system (Sidell et
a!. 2002). However, dates are only available from Lafone Street where the soil itself was
dated to 3100±60 BP (Beta 107981; 1520-1220 cal BC); its assumed that all sites are
contemporary. The eastern group may be altitudinally lower than Hopton Street because
the higher land was used initially and expanded to use the lower ground at the edge of the
eyot chain. These must have been slightly above the river, or it would not have been able
to cultivate the area if there were regular incursions of salt water. However, the soil was
thin and sealed by estuarine clays, indicating that the sites were not long-lived.
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Figure 119. Ard marks found at Phoenix Wharf and ard share found at Three
Oak Lane, Southwark, from Memman (1990) and Proctor (2000)
Further upstream, at Vauxhall (19 on Figure 114) a Bronze Age timber structure,
interpreted variously as bridge, jetty or platform (Milne 2002) has been found on the
modem foreshore. Several mid Bronze Age side-looped spearheads were found tied
together and rammed into the contemporary surface. Traces of marine diatoms were
found in sealed deposits thought to be associated with the contemporary surface
(identified by Cameron, unpublished). The structure is present at varying altitudes down
the foreshore and yielded a radiocarbon date of 3380±40 BP (Beta 122970; 1770-1520
cal BC) and 3180±70 BP (Beta 1229(39; 1620-1260 cal BC). The working surface here is
thought to have been above MHWST, as this is usual for a functioning stnicture.
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However, it has been suggested that the structure may have been built as a platform for
throwing offerings into the river to 'placate' the rising waters (Siddll et at. 2002) and
offerings may also have been floated off by the tide. Unfortunately, this is an issue that
cannot be resolved. The working surface has not survived and therefore must be
conjecturcd. The highest pile (landward end) survives to -1 .3m but was initially buried
and then recently eroded. It seems unlikely that the working surface would have been any
higher than necessaly, for ease of access, and so a figure around -1.3m may be likely.
Moving into the Late Bronze Age, a site at Fennings 'Wharf (20 on Figure 114),
records an Early Bronze Age barrow (Sidell ct at. 2002), located on a contemporaiy
promontolyjuttuig out into die Thames. Although the barrow and its associated
cremations arc the core feature of the site, archaeologically speaking, it is the later re-use
of the site that is relevant here, in that the site, located at I .Om OD must still have been
abo high water at approximately 700 BC when some distinctive clay slabs were
deposited in a secondaiy cremation.
F2
iing dilth
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Figure 120. The Fennings Wharf barrow (C. 8m diameter) from Watson et al.
(2001)
This site is rclativcly close to Suffolk House (Chapter 10,21 on Figure 114),
across the river in the City, however, the date is not wholly comparable. A peat sample
there at +0.liii OD dated to 2070±70 BP (Beta 96089; 790-400 cal BC) which indicates
that the Fennings Wharf site was still well above the river at the time of re-use.
Nevertheless, the site had been submerged in the immediate pre-Roman period (Watson
ctal. 2001, II).
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Summary
'I'lic cxaxnination of prchistonc archaeology associatcd with tile rvcr is indicative of past
river levels, gcnerally as limiting data. Unfortunately it is rarely possible to obtain good
chronological control for this penod. Neither is it generally possible to establish a link
with activity and a reference water level. Nevertheless, the available data is generally
consistent with thc model of tendciicy along the estuary and also with the age altitude data
calculated with the older histonc tidal ranges.
Roman
i'hc archaeological data for thc Roman and subsequent periods are more precise
indicators for the Thames levels. As shown above Suffolk House (1 in Figure 121)
demonstrates a southwards and downwards movement of the working surfaces of the
Roman quays. The main assumption that must be made if the archaeological structures
arc to be used is that the working surface of the quays has a direct altitudinal relationship
with river levels. This is an important assumption, but it seems likely that waterfront
structures arc constrncted with the most efficient use in mind, i.e., that they should always
have been available and not be subject to flooding except in extremely rare conditions. It
is likely that the initial Roman build may not have been in the most suitable place owing
to the shortness of time to observe tidal patterns. With the exception of the first quays, it
should be safe to assume that the waterfront is generally situated at approximately HAT
to incur the least amount of flooding possible. If the working surfaces were too high, then
there would be problems in actually getting the boats up to them and create difficulties
with loading and unloading cargo, which is thought to have included h'estock best walked
on and off boats.
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T11flT	 nrn
1	 Suffolk House	 3270	 8078
2	 Summerton Way	 4800	 8128
3	 New Palace Yard	 3018	 7964
4	 New Fresh Wharf	 3295	 8066
5	 Brentford	 1740	 8000
6	 Fennings Wharf	 3286	 8037
7	 Toppings Wharf	 3287	 8036
	
8 64-70 Borough High Street 3256	 8006
9	 Guys Channel	 3281	 7992
10	 Courage Brewery	 3252	 8011
11	 Regis House	 3288	 8072
12	 Pudding Lane	 3294	 8072
13	 Billingsgate Buildings 	 3301	 8069
14	 Custom House	 3332	 8058
15	 Seal House	 3277	 8067
16	 Queenhithe	 3230	 8080
17	 Bull Wharf	 3232	 8079
18	 Vintry	 3237	 6081
19	 Billingsgate lorry park	 3305	 8062
20	 Three Quays House
	
3335	 8055
	
21 Northumberiand Avenue 3020	 8034
22	 Thames Eahange	 3245	 8075
23	 Swan Lane	 ".3273	 8070
24	 Trig Lane	 3301	 8069
25	 Millennium Bridge	 3290	 8079
26	 Thomey Island	 3022	 7962
27	 BaynardsCastie	 3194	 8090
28	 Miles Lane	 3284	 8075
29	 Dowgate Hill	 3252	 8082
Table 30. Sites shown in Figure 121
There is only a very limited amount of Roman material in the floodplain outside
the modern City and Southwark. The site at Summerton Way (Lakin 1999, 2 in Figure
121) is a useful indicator of apparently dropping and then rising river levels in that the
stratigraphY demonstrates a transition from alder can (c. -1.Gm OD) to freshwater muds
(-0.7m 0111)) and then mid Roman terrestrial deposits forming on the earlier foreshore,
subsequentlY sealed by estuarine muds at -0.4111 OD containing Late Roman pottery.
Further upstream at New Palace Yard, Westminster (3 in Figure 121), the 3" century high
water was thought to be comparable With heights at New Fresh Wharf in Figure 121
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and see bclow) at approximately 0.Sm 01) (Evans no (late) and the same appears to be
the case at Brcntford (Wheeler 1929, 5 in Figure 121).
Soulliwark is an important area owing to the low-lying nature of the cyoLs that
were initially colonized by the Roman scitlers. There arc some problems caused by the
reclamation oi the area and the usc of river defences that must have protected some sites
situated below MI-PvV; analogous to the modern Thamesmcad estate, which is situated
four metres below MHW. Nevertheless, the sheer volume of work carried out in
Southwark over the last thirty years does allow some analysis of river levels. In the prc-
Roman period, river deposits had overtopped Fennings Wharf (6 in Figure 121), above
-'-l.Om OD and nearby Toppings Wharf (Sheldon 1974, 7 in Figure 121) and indeed
much of north Southwark (Yule 1988). This appears to have been the level settled and
rcvcttcd by the Romans, as much artcfactual debris from the mid-1 century kD is
present in the upper levels of the river silts, thought to have formed at pre -Roman HAT
(Watson etal. 2001).
Evidence to support this comes from Toppings Wharf (Sheldon 1974), where a
gravel embankment was found on the AD 50-80 R5man foreshore, reconstructed to
possibly 2.Om OD (Watson et al. 2001, 12). It is thought to have been used to protect the
sctticmcnt from the highest tides. Furthermore, a series of roads were built at +1.5m OD,
crossing Southwark arid heading for the bridgehead (Mime 1985, 81) with no signs of
having been flooded.
Further support comes from 1 to 2' revetments at 64-70 Borough High Street
(Graham 1988,8 in Figure 121). These have been reconstructed up to 1.75m OD. A
more spectacular discovery was the Courage Brewery warehouse (10 in Figure 121), built
over intertidal deposits in AD 152 at 0.5m OD, and thought to be below MHW
(Brigham et al. 1995). The 3" century revetments jim the Guys Channel (9 in Figure 121)
can be reconstructed to 1.Om OD (Taylor-Wilson 1990) and indicates a drop in water
level. This albeit fairly scanty evidence from Southwark corresponds reasonably well with
figures from the City side.
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The north bank was heavily (lCVelOped in the Roman period, with an apparent
mixture of 'official' watcrfronts, constructcd under the auspices of thc provincial governor
and some unofficial stretches thrown up by the tenants or owncrs oIwatci-froiu
I)ropclllcs. Thcsc wcrc well constructed oak quays and revetments founded on (lie gravel
forcshorcs (sec Mime 1985; Brigham 1990). They stretched a kilometre along [lie
Thamcs, roughly 500m either sidc of modcm London Bridge (Pcrriiig and Brigham
2000), with rather less intensive development at the extremes of this range.
'The earliest evidence for the Roman waterfront in the City has been found at
Regis House (Brigham Ct al. 1996, 11 in Figure 121) with a vcry rough rcvctincn[ dating to
AD 52 along a terrace between 2.0 and 2.5m OD. This was subsequently replaced shortly
after spring AD 63 with a more robust quay, presumably constructed after the Boudican
destruction of AD 60 with the upper surface at 1 .6m OD. It is suggested that this
substantial variation in height is due to placing the early rcvctmcnt too high in relation to
the river level, rather than a drop in mean river level of nearly a metre in a decade.
The Regis House quay is almost certainly associated with the 1 century quay from
Pudding Lane (12 in Figure 121), dated to AD 5944 (probably AD 60-65). Forcshorc
samples collected in association with the Pudding Lane quay were rich in the diatom
taxon CydoteJia sithia (Batcman and Milne 1983), demonstrating the tidal nature of the
Thames here in the 1 century. The Regis waterfront was rebuilt to the south in AD 102,
again on a line with the AD 95-100 waterfront at Pudding Lane (Batcman and Milne
1983; Watson et a]. 2001, 31), but at a decreased height from the Neronian quay, at
1.38m OD. Following the Hadrianic fire that razed the area to the ground and led to a
substantial accumulation of debris, the waterfront was once more moved south, possibly
by eight metres. It is proposed that at Pudding Lane, a 3li century quay was advanced
again to the south, present on the site of New Fresh Wharf (discussed below). This
consistent movement and reduction of altitude suggests that river levels were indeed
dropping and if the waterfront was to function, it had to be relocated periodically.
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Figure 122. Neronian quay from Regis House
Excavations at Bilhingsgate Buildings (13 in Figure 121) in 1974 revealed further
Roman waterfront structures (Jones 1980). The first of these dates to between AD 70-100
and survives to +1.6m OD but is not thought to be quite complete. A contemporary quay
at Pudding Lane is complete and survives to +2m OD ((Milne 1985, 81), with diatom
samples from the foreshore deposits containing species such as Cyclotelia siriata,
Cjmatosirn beJ8ica and Deiphineis surirdlia (Mime et a!. 1983) but dominated by brackish
and freshwater species such as Fragilaria pinnata. A second revetment at Bilhingsgate was
built shortly after, between AD100-125, three metres to the south. Again this did not
survive to the full height, however, it is notable that it is built significantly downslope of
the first revetment with the base below OD whilst the base of the first revetment is at
+O..5m OD. A third revetment was built between AD 125-160, fwe metres to the south
with the base projected at -0.75m OD and the top at -i-1.5m OD. Although not recovered
on site, a fourth revetment to the south is indicated on the basis of the dumping levels in
front of and over the third revetment which are similar to the dumps over and in front of
the previous revetments. No date is suggested for this putative fourth revetment. The
publicalion suggests that these revetments were on the foreshore, but above the river, on
the basis of no waterlain sediments surviving - this was identified as controversial when
written and also this was before the publication of much of the wateifront. It is apparent
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now that Billingsgatc Buildings demonstrates consis(dncy with oLJicr stretches of the
waterfront, showing a consistent response to fluctuations in watcr lcvcl.
At Custom House, (T'atton-Brown 1974, 14 in Figure 121) pre-Roman river levels
were identified at> -1.5m 01). Thc report argues that cnvironinetual data indicate the
Thames was fresh in the Roman period, but this is not supported elsewhere (Wilkinson
1998). Two waterfronts were recovered; an early 2 century (AD 140-43, Fletcher 1982)
revctment at below 0.5in 01) and a later 2" century (probably AD 180-190) box
structure, six metres to the south of the first quay. '['he later 2" century M1{W is
estimated to be at 01), with MLW below -1.6m OD (base of the box structure) on the
basis of the quay heights. There is a question over whether the site was tidal at this date as
the published interpretation indicates freshwater conditions. Nevertheless, by analogy with
the modem Thames, which is freshwater at Teddington L&k, the 2"' century Thames
could have been wealdy tidal at Custom House. if not, this almost certainly puts the river
levels below -1 .5m OD, as it would not have been practical to build the quay under
water. However, examination of the environmental report shows that only a few seeds
were examined; no pollen, diatoms or other indicators are reported. Therefore, it is
possible that the data (8 seeds) may have been over-interpreted. The late 2°" century quay
thhere was not replaced and appears to have been submerged in the 4 century, with
foreshore material (and subsequently the late 13th century quay) deposited over it It
seems likely that the waterfront shrunk in length as time passed with rebuilds only
occurring in the centre.
iidThe late 2 century quay was also found at Seal House (15 in Figure 121), dated
to AD 171, with the base at -1 .75m OD. It was not complete, but the third tier was found
at -0.41m OD (Brigham 1990). However, a working surface with building remains was
found at +O.4m OD a few metres to the north of the structure which has led to a
projected reconstruction (see Figure 123) at that height. At Queenhithe (16 in Figure
121), the AD 198 quay was preserved, but badly damaged. Analysis of the associated
sediments indicated that the water was saline but only weakly so (Wilkinson 1998), with
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the base of the structure at approximately -1.8m OD and the top surviving only to 0.Om
OD.
1Building
Figure 123. Reconstructed cross-section through Seal House late second
century waterfront. Extant timbers are shown with grain, from Brigham (1990)
At New Fresh Wharf, the Late Roman waterfront was present at -'-O.5m OD, with
the base at approximately .-1..5m OD (Miller 1986). At the Billingsgate lorry park (19 in
Figure 121), adjacent to New Fresh Wharf a box style quay with a crane installation was
found, dating to AD 201-228 (Brigham 1990) -comparable with the late phase at New
Fresh Wharf of Al) 209-224. The quay was rebuilt in 239-75, possible at the time of wall
building to the north. The working platform was at approximately -0.6m OD but was
protected by a raised waterfront to approximately +O.Srn OD.
The end of the timber waterfront occurred in the mid 3" century when it was
partially dismantled or chopped through, approximately 25 years before the construction
of the 3rd century river wall, to the north of the 3d century quays. Evidence from the wall
at Three Quays House (20 in Figure 121), indicates river levels were still declining in AD
270, with M}IWST thought to be below OD on the basis of the foundation levels found
here (Grainger 1996).
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Heights of Roman waterironts
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Figure 124. Graph of the altitudes recorded for the top of the Roman
waterfronts
This graph shows relatively clearly how the waterfront decreased in altitude over
time. It indicates that the waterfront levels were fairly consistent at some periods, and are
likely to have been the result of centralized planning. There is certainly some scatter, but
the Early Roman scatter is likely to be a result of 'frontier town' mentality and a lack of
familiarity with the river in conjunction with the need to create a functioning waterfront.
Summary
The Roman sites show reasonable consistency at a broad scale, with gradual decline in
altitude of the working surfaces from the first builds of the waterfront through to the fmal
river wall in the 3" century. This is summarized in Table 31 below and also on Figure
117. Most significantly, what all the data from these numerous sites indicate is a drop in
relative river levels of up to 1.5m between the late 1 to the 4th centuries. The earliest
heights are not considered in this because it seems likely that the initial colonization of the
City placed the waterfront too high.
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Saxo-Norman to medieval
Subsequent to the Roman period, there is thought to l)c no occupation within the City for
scvcral hundred years, with sporadic activity only. No structures are itoted until the
Alfrcdian deposits at Quccnhithc (Ayrc ci al. 1996), around AD 890 and then from AD
900 clscwherc (Stccdman et al. 1992, 14). Saxon river silts and foreshorc gravels seal the
Roman watcrfroiits and defensive wall, noted from sites such as Custom House (Tatton-
Brown 1974), New Fresh Wharf (Millcr 1986) and Quecnhithc (A}Te ci al. 1996). It
appears that there was a relatively rapid rise in river levels during the early part of the
Saxon period that subsequently leveled ofT in the Early Saxo-Norman period with
MHWST at approximately 1.6m OD in the City, with HAT reaching 1.9m OD
(Watson ct al. 2001, 27) and remaining faIrly consistent into the 15th century (Mime and
Milne 1982). [AT is calculated at no higher (and possibly lower) than -1.5m OD for this
period, on the basis of the lowest structural elements, the revetment baseplates. The
earliest evidence comes from the Strand area, where a Saxon riverside embankment was
dated to AD 679 or very shortly after at Northumberland Avenue (Cowie and Whytehead
1989; Cowie 1992, 21 in Figure 121) present to a height of 1.3m OD, presumably
associated with the settlement of Lundenwic.
Queenhithe contains one of the most complex Saxo-Norman sequences on the
London waterfront. The Aifredian late 9th century quay overlies the remains of the
Roman quay, slightly to the north but separated by 1 .5m of sediment and with the top at
c. 1.5m OD. The second phase of material from Queenhithe dates to AD980-1014 with
revetments surviving to 145m OD, thought to be MHWNTon the basis of patching and
erosion. The base of the structure was at 0.5m OD and this is thought to represent no
lower than MLWST and probably MLWNT for ease of construction. In AD 1045-&a
timber bank was constructed approximately four metres to the south, with its base at c. -
1.5m OD. This is taken to indicate a drop in mean river level on the basis oldie bottom
of the bank being a metre lower than the earlier revetment..
The subsequent waterfront was constructed to the south in 1120-21 ata higher
elevation (1.5m OD), with the base now at -0.4, slightly higher than the AD980-1014
waterfront. However, a new revetment was needed only a few decades later in 114.5-47,
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eight metres to the south and this dropped once more with the base at approximately -
0.5m and top at c. 1.4m OD. A further revetment was built in 1165-70, another five
metres to the south, but with top and bottom levels the same as the previous quay. This
then may indicate redamation rather than adapting to changing river levels. The final
Queenhithe revetment, built in 1181 was present to c. 1.8m OD with its foundations at c.
0.0m OD. This rather sudden raising of levels is thought to be associated with the
construction of the first stone-built London Bridge (begun in 1176, completed in 1209),
the 19 piers of which halved the width of the river at that point, leading to a weir effect on
the upstream side (Ayre and Wroe-Brown, pers. comm.).
Slightly to the east of Queenhithe, the site of Thames Exchange (22 in Figure
121), excavated in 1988-9 also contained a series of Saxo-Nonnan waterfronts, the first of
which overlay an earlier Roman quay (Mime 1992). The ,flrst Saxo-Norman quay (FEX1)
dated to AD967-89 with a working surface at c. 1.65m OD. The waterfront advanced at a
further eight limes, gaining approximately 70m into the river by 1239 where the working
surface of TEX9 is estimated to be at 2.2m OD.
Figure 125. TEX4 under excavation, from Mime (1992)
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At New Fresh Wharf, the initial Saxo-Norman build was a rubble bargebed to the
south of the Roman quay at a level of -0.34m OD, and dated to slightly after Al) 9.5.5. A
nearby series of timbers (interpreted as a jetty - see Figure 126) survived to a maximum of
1 .6m OD, which is thought would have been covered at hAT but not MHWST
(Steedman et al. 1992, 102). The jetty seems to have been abandoned and replaced in the
mid 1 1th century by a series of individual embankments representing property boundaries,
going up to approximately 2.Om OD, just above HAT, but much of the structure appears
to have been below this and therefore subject to periodic flooding. These were
consolidated in the late 1 1th and again in the 12th century but with no apparent raising up
of levels. Revetting continued into the late 1 2th century by which point the waterfront here
appears to have been firmly consolidated against an apparently stable tidal leveL
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Figure 126. Reconstruction of the Saxo-Norman timber jetty at New Fresh
Wharf, from Steedman et al. (1992)
At Swan Lane (23 in Figure 121) the first post-Roman embanking took place in
1050-80 at 2.5m OD to the north, dropping to 1.3m in the south (Steedman et al. 1992,
113). A Ilirther late 11th century embankment extended 2.5m to the south of the earlier
Roman quay, with a height of about 1.9m (contemporary HAT). The adjacent Seal
House sequence starts with a revetment dating between 1133-70 (baseplate at -1..5m OD,
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working surface at c. 2.Om OD), then a new one to the south in 1163-92, thought to have
a working surface at L2m OD, although this would have been below MHWST. A final
waterfront was constructed in 1210, 6m to the south again at 1.2m OD. These do not
make sense, being apparently below MHWST and therefore only much less usable than
structures above MHWST. The Seal House structures can only have been used to load
and unload boats drawn up on the foreshore. Beach markets or ripa cntoralic are known
from slightly earlier, and it is possible that they continued to this date (Dyson 1978;
Ellmers 1981). However, the possibility of inter-tidal waterfronts at Seal House must
mean a note of caution should be introduced when considering the waterfront in its
entirety.
Billingegate Lorry Park
Thamea
Street
N
	 S
0 OOm 00
early-mId 11th century fronlage (W2)
late 11th century frontage (W3)
.* found (black) and reconetructed (hatch.d)
New Fresh Wharf	 Building B
Figure 127. Cross-section of sequence from New Fresh Wharf and Billingsgate,
from Steedman et al. (1992)
There is also medieval evidence from Custom House (Taiton-Brown 1974) where
the late 13th century quay was built over the over the second century quay which was
sealed by Saxo-Nonnan foreshore deposits. This was a fairly crude stmcture, using old
timbers and significantly different from the elegant boxed quay below it. A much better
constructed revetment replaced it shortly after, six metres to the south, reconstructed to
approximately 1.9m OD and almost certainly dating to the early 14th century.
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CUSTOM HOUSE SITE 1973 TRENCH W
Figure 128. Fourteenth century timber quay from Custom House, from Tatton-
Brown (1974)
Trig Lane (Mime and Mine 1982, 24 in Figure 121) has been mentioned above
in Chapter 2. In summary, a series of waterfront structures (see Figure 129) were built
between the mid 13th to mid 15th centuries all advancing southward into the river with the
lowest working surfaces at approximately 2.Om OD but rising to 3.4m OD. This last one
is considered significantly above HAT, which is calculated for this site at c. 2.Om OD on
the basis of all structures. Finally, the Stone river wall was built in c. 1440 to a height of
2.7m OD. Contemporary MHWNT was calculated at between 1.2 and 1.3m OD on the
basis of timber rotting and patching (Mime and Mime 1982) and evidence of the
carpentry and repair of the medieval timbers. Modem timbers are prone to rot at
MHWNT due the timbers being diurnally submerged and exposed. Low water is
estimated at a minimum of-1.2 OD with reference to the lowest part of the revetment,
based on the necessity for access to build it. A boat (Blackfriars III) found sealed at -2.Om
to -3.0 m OD is thought to indicate the maximum for 14th century low water, as the quay
could not have functioned with a wreck partially exposed.
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Figure 129. Timber revetment from Trig Lane, from MUne and MUne (1982)
Recent excavations at the footings of the new Millennium Bridge (25 in Figure
121) extended and re-opened the Trig Lane site (Ayre 2002) and also examined the
Southwark waterfront in this period. The north bank timbers were better preserved and
showed six revetments behind the 14th century wall. Unfortunately, none were preserved
to the full height but showed that river levels were above 1.1 m OD during the 1 2Ib and
13th centuries. The baseplates were present from -0.85m OD to -1dm OD. The
revetments on the south side of the bridge were much more damaged and cannot easily
be used. One piece of evidence available from the south bank is from Fennings Wharf
where a series of 12m century revetments were constructed at the bridgehead, with
baseplates present at approximately -0.8rn OD. Again, unfortunately, they are very
damaged and do not survive much above 0.2m OD (Watson et al. 2001, 70-7 1).
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Figure 130. Graph of the altitudes recorded for the top of the medieval
waterironts
Summary
The medieval data are more confused than the Roman evidence (see Figure 130), which
is almost certainly related to the less centralized government in the medieval period and
the ncccssarily ad hoc approach taken to the waterfront. Furthermore, the less robust
quays may be more damaged than the excavators considered. The property division of
this period makes it likely that the waterfront was not centrally administered as seems
apparent for the Roman period. Therefore, extensions and reclamations happened
randomly throughout the medieval period. Furthermore, changes in building techniques
(Miliie 1992) meant that thnbcrs are less likely to yield tight dendro dates than the Roman
ones which often still retain some bark, rather than being stripped even of sapwood. The
discovery of the Seal House quay apparently below MI-IWST also confuses the issue, yet
must have been built to serve a useful purpose, such as a beach market. Nevertheless, it
seems apparent that there was a sharp rise in river level between the end of the Roman
period and the L.ate Saxon, with relatively little change until well into the later medieval
period. This is almost certainly related to increased tidal range than increased MSL as a
result of the encroachment on the river of all the embankments and the effects of London
Bridge.
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11.4 Summary
This examination of RSL change in tlic Thames has clarified a number of issues. Firstly,
it has underlined the dangers of using the sequences from Tilhuiy as a type-Site for the
estuary, even though it is still unclear cxactly what is causing the prol)lcm with the data.
Secondly, it has madc clear the possible advantages of using archaeological data to
calculatc past tidal range, which may be used in conventional MSL calculations.
In Summary, it is proposed that a tripartite model of RSL change in time middle
and inner Thames estuary is adopted, with less reliance on the Tilbury data. It is
suggested that watcrlogging oldie floodplain began in the Late Dcvcnsian, leading to the
formation of freshwater peats associated with relict channels in the area of the Isle of
Dogs meander. Subsequent to this, RSL rises, but does not have any widespread impact
in the middle and inner estuary until marine water is present some time before 5000 cal
BC. This leads to rising watertables and the formation of peats, during slowed RSL rise
from 5000 cal BC in the upstream reaches and 4000 cal BC downstream. Wood peat and
subsequently alder can is widespread throughout the estuary, including a rare Taxus
community, with no evidence for a drop in RSL in this period. A transgressive overlap is
seen in the downstream area from 1500 cal BC, and although there is evidence to suggest
the continued formation of peat at Suffolk House until c. 150 cal BC, this is rather later
than evidence nearby suggests. It is suggested that the increase in the rate of RSL rise is
relatively rapid, progressing upstream into the City reaches by about 1000 cal BC. This
transgression is still in operation today, but is constrained by sea and river defences. This
model shows dose similarities with other estuaries around the British south coast.
The archaeological evidence has proved useflul, particularly for the historic period
for which there is only one sea level index point. The data examined in 11.3 do not even
form the complete corpus; there remain several sites which have not been written up and
the archiws of which are currently inaccessible. Nevertheless, it has been possible to
reconstruct (within degrees of uncertainty of UI) to a few decimetres) the changing tidal
amplitude of the Thames from the Roman to the high medieval period. Not only is this
of importance for actually gauging where the river was, but the dataset have been used to
calculate MSL for more ancient index points. Doing this is considered to be more
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accurate thati using rnodcrn reference water lcvels ott a nvcr with a contelnl)oraly tidal
range of 7.7m. This is in stark contrast to the prcdictcd tidal range of less than four
mctcrs in the mcdicval period, and c. 2.25m in the Early Roman. Iiidccd, Figure 106
certanly appears more '(rue' (C) expectations based on arcliaeologicaJ dcposiLs than Figure
104, calculated with no calibration of tidal range. On the basis of this, Figures 104 and
106 arc offered as graphs for discussion of RSL change in the inner Thames estuary.
If the use of historical tidal data is taken to its logical conclusion, one final point
may be made with reference to crustal issues. This method indicates relatively higher
altitudinal values for MSL throughout the Holoccac than if modem reference water levels
are used. This, of necessity, will affect previously calculated values of vertical crustal
motion by reducing the magnitude of predicted change. In the case of the Thames
estuary, the general difference shown using modem vcrsus historical reference water
levels is c. 4m, over a period when MSL has risen by approximately 14m. This potentially
indicates that models of crustal motion/subsidence calculated using conventional sea level
index points in die Thames could be reduced by c. 30%.
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Chapter 12. Human response to environmental change
12.1 Introduction
This chapter examines the evidence for human occupation in the stu(ly area with
particular reference to adaptation to the effects of RSL change in the floodplain. This is
(lone taking the periods of the initial Holocene transgression, subsequent estuary
expansion and the second transgression as chronological divisions. Rather than tackle the
entire chronology until the present day, it ends in the medieval period when people began
to significantly affect the river through bridge building, ernbanknig and reclamation.
Following this, a sumnnuy model of the inter-relationship between people and
environment in the inner estuary is proposed and discussed.
A general description of human activity iii the Greater London region is outlined
in Chapter 2 with further information in Chapter 11. This chapter aims to examine
whether there is evidence for human response to changes in the estuary configuration
including its geomorphology and ecology. This will be subsequently be discussed in the
light of what is understood currently about the functional and belief-orientated cultural
motivations behind the changes through this period. The term 'ritual' is used in this
chapter to mean activities associated with belief systems of a non-functional or highly
formalized type (i.e. Pader 1982; Richards and Thomas 1984; Bell 1992; Gibson 1998;
Pendlcton 2001), and not simply regular functional activity. Although this is a
simplification (see Bi-tick 1999a), it is a subject that will never be fully resolved.
General examination of cultural change and spatial patterning tends to be
undertaken using available stratigraphic data, analysed within the sphere of theoretical
and/or anthropological models. Rarely is environmental and topographic data given equal
weight to theoretical Ino(lcls of human development,, and environmental scientists have
l)een loathe to be tarred with the brush of 'environmental determinism'. Nevertheless, in
a river valley environment, environmental change is likely to have significant impacts
upon human use of the area and common sense would suggest that when rivers change
course or risc, relative to the land, several courses are open to the human population.
This naturally depends on what type of society exists within the environment, but in the
case of the Holocene Thames, a subsistence economy is succeeded by a developing
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community with elaborate ritual elements, finally developing into an urbanized
commercial population. Starting from this ground, the most likely premise is that the
earlier more mobile groups who were less tied down with possessions such as fields and
dwellings would respond to environmental change by simply changing their areas of
resource acquisition. As the population in the Lower Thames developed, it seems likely
that more eflort would be expended on attempting to counter the effects of
environmental chaiige in order to maintain settlements and also the order of life, society
and individual power that had been achieved. This simple hypothesis is examined in the
following sections.
122 The Early Holocene transgression
This phase equates to the Late Upper Palaeolitliic and Mesolithic, including part of the
Neolithic in the downstream stretch of the study area (Weirnington to Silvertown; 1 and 2
on Figure 131), until 3800 cal BC, and c. 4800 cal BC in the upstream zone
(Westminster (3 on Figure 131) to Silvertown). There is limited evidence for Late Upper
Palacolithic activity anywhere in the Thames floodplain. Although many handaxes have
been recovered from the river, their origin caimot be proven. There is evidence of human
activity in the Colne floodplain at the site of Three Ways \Vharf (Lewis 1991, 4 on Figure
131), but this tributaiy would only be influenced by the Thames in terms of river gradient
at this date. A key issue is that Upper Palaeolithic sites will be buried at depth on the
Pleistocene gravel or between the gravel and Langley silts. These deposits are not always
penctrate(l by all archaeologists, who misguidedly feel that no archaeology will be present
at such (lepth (see Merriman 1992). Furthermore, the Thames has migrated south across
the floodplain during the Devensian, eroding much of the riparian zone. The river sides
are key locations for Palaeolithic groups as valleys are generally considered to be
migratory paths along which early hunter gatherer groups would have moved (Wymer
1999), possibly following herds of game; reindeer in the colder periods and warm-adapted
fauna subsequently. Furthermore, rivers are considered to be crucial to hunter-gatherer
strategy by expanding the available territory owing to the increased speed of movement
possible through river transport (Mellars, 1978). For the people of the Thames, this
would have increased their 'catchment' out towards Europe and could have been used to
maintain a wide network of social links (Mdllars 1978).
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Table 32. Sites shown on Figure 131
Upstream (C. 10,000-4800 cal BC)
Early Mesolithic activity is also relatively sparse. Orle early site that owes something to the
development of the Thames is the B&Q warehouse on the Old Kent Road (Rogers 1991,
5 on Figure 131). The Early Holocene Thames gradually abandoned a series of braided
channels. Various things happened to these; some silted up, for instance at Silvertown and
probably at. Masthouse Terrace (6 on Figure 131). Another, which cuts across
Bermondsey, is thought to have become a lake. The B&Q site consists of an Early
Mesolithic home base where a range of activities occurred, including tool manufacture,
food and hide preparation. There may also have been shelters. A contemporary site was
found close by at Marlborough Grove (7 on Figure 131), where flint nodules were cached
prior to working. The site is located well above contemporary river levels at c. 1 .Om OD,
on the edge of a sand terrace, but will almost certainly have been selected because of the
advantages associated with a lake, such as fresh water and food. Similar tools have also
been recovered from Waterloo (Siddll et at 2002, 8 on Figure 131). The site is not as well
defined; it is slightly lower, at O.8m OD, still above the contemporary freshwater Thames,
but associated with a channel draining into iL Several Late Mesolithic flint scatters have
been found on the Horselydown sand cyot (Ridgeway and Meddens 2001; Bates and
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Whittaker, in press, 9 on Figure 131), indicating that people used this island, however,
even at c. 0.3m OD, this is likely to have been above the river or tide.
Generally, during this period of transgression s people left few traces but the river
and riverside was certainly used, for there are many discarded tools in the floodplain and
more particularly, dredged from the river (Lacaille 1961; Cotton and Wood 1996, Cotton
1999; Lewis 2000a). These include many axes, adzes (including the so-called 'Thames
picks Field 1989), bone and antler points and mattocks all found in much greater
profusion than on land. It may simply be a recovery bias, however, it is as likely that the
traces of material simply indicate the centrality of the river to Mesolithic life in the Lower
Thames valley. There is a school of thought that believes many of the stone tools were
ritually deposited in the river, particularly the unusual Thames picks (Field 1989; Cotton
and Wood 1996). Although it will not be possible to conlirm ritual deposition and what
inherent ideology was implied, it is possible to speculate. Watery places have been the
focus of ritual deposition for millennia (Richards 1996; Bradley 2000, chapter 4), possibly
because of the power and endurance of natural forces (Tilley 1991, 1994; Bradley 2000,
8) and the Thames does not appear to be an exception. Common reasons for the
deposition of objects are thought to be placatory, supplicatory or demonstrations of
personal wealth and power, the 'flambopint disca,d'of Bradley (1990). This latter form
tends to be associated with the metal-based periods.
O.3m in length
Figure 132. 'Thames pick,' (Museum of London collections)
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A possibility with the Thames Mesolithic finds is that if there is a 'ritual' as well as
functional component to thc assemblage, the offcriiigs are more likely (0 be votive than
displays of wealth (Field 1989). The more complex social systems leading to the
acquisition of wealth arc unlikely to have been constructed in the Mcsolithic and
therefore, if there is a ntual cleincut of dCpOSitiou at tins time, OLllCr reasons must l)C
sought. This could include supplication against, natural forces. A key point made by
lradley (2000, 53) is that dillercnt types of offering may be macic iii dif1irciit places. He
links this with the type of 'deity' to whom the offering is being made; i.e. in classical
Greece, oftet-ings to Poseidon (god of the sea) were made in watery places whilst Demeter
(goddess of soils and fertility) received her offerings in valleys (Jost 1994). It must be
considered a possibility that votive objects in the Thames are in some way directly
associated with the river itself (himself/herself?), and in a period of rapidly rising river
levels and the introduction of the tidal regime in the upstream zone, this may well be
significant.
Downstream (C. 10,000-3800 cal BC)
The Late Mesolithic site on the Erith Spine road (Bennell 1998, 10 on Figure 131)
indicates tools were manufactured on the foreshore itself presumably in order to keep a
nearby camp free of the thousands of pieces of sharp debitage. In this location, the peats
did not begin expanding until into the fourth millennium cal BC and the Erith site shows
a continuity of occupation in the floodplain by the presence of Grimston Lyle Hills
pottery found (Figure 133) associated with charcoal giving a date of c. 3900 cal BC; a very
early date for ceramics in London. A substantial peat bed, indicating the onset of a phase
of wetland expansion, sealed the foreshore sediment There is no evidence for
subsequent occupation in the area until the Middle Bronze Age, when the wetlands begin
to contract.
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..,
Rim diameter calculated at 280mm
Figure 133. Grimston Lyle Hills pottery from Enth, from Bennell (1998)
Moving into the Neolithic, central London has often been considered remarkably
devoid of much Neolithic activity (Lewis 2000b, 65), particularly in the early period. The
depth of overburden in the floodplain may influence this. However, it is noteworthy that
Heathrow (11 on Figure 131), the other main prehistoric 'centre' within London, also has
practically no Early Neolithic fmds. The monuments fringing west London date to the
later part of the Early Neolithic (Cotton 2000). Runnymede Bridge (12 on Figure 131), is
arguably the most important site of this date (Needham and Trott 1987; Needham 2001),
but is outside the estuajy and indeed Greater London. However, Rainham (13 on Figure
131) is a focus of activity in the Early Neolithic. Recent fieldwork has extended this along
the line the A13 road (Bates and Whittaker in press) of the gravel terrace edge towards
north Woolwich. Early Neolithic blades, flakes and a leaf arrowhead were found with
food waste and Mildenhall Ware atWoolwich Manor Way (Gifford and Partners 2001a,
14 on Figure 131), with more artefactual material and cut features further to the east at
Movers Lane (Gifford and Partners 2001b, 15 on Figure 131) were found.
This area, apparently centred on Rainham is particularly important because it
contains a range of activity types and also because it crosses the physiographic boundary
between the terrace and the floodplain. The Early Neolithic site at Brookway (16 on
Figure 131) indicates some form of settlement at the edge of the terrace (Meddens 1996;
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Lewis 2000b, 68), subsequently overlain by the peat. This is close to the contemporary
Launders Lane (17 on Figure 131) enclosure back on the gravel (Greenwood 1982). A
new site on Rainharn Marsh in the CTRL trace (18 on Figure 131) consists of a flint
scatter on a palaeo-surface sealed directly beneath a substantial peat a few hundred metres
away from the Brookway site, but has yet to be hilly excavated. Another enclosure has
recently been found at Southall Farm (19 on Figure 131) a few hundred metres to the
west of Launders Lane. It is as yet unpublished, but appears to be of Early Neolithic date,
with a very substantial pit alignment and placed deposits in the ditch terminals. There is
some subsequent Bronze Age activity on the site.
lUOm
Figure 134. Launders Lane Neolithic enclosure, from Greenwood (1982)
A pattern that seems to be emeing is of a hiatus in occupation from the Early
Neolithic until the Middle Bronze Age in Rainham, Erith and also north Woolwich,
where Early Neolithic features were recently recovered on the edge of the gravel terrace
with Middle Bronze Age trackways just off into the floodplain (Whittaker 2001). Itis
likely that mobility persists into the 4th millennium (Barrett 1994,144), in tandem with
increasing sedentism (sensu Whittle 1997), so it is not surprising to find few Early
Neolithic settlement sites. Furthermore, there is an argument that this period was one of
monument building rather than sedentism a. Thomas 1999,222). Nevertheless, the focus
of activity in the downstream zone is perhaps important. It is tempting to consider this in
the light of the need for the Mesolithic communities to restrict their migration routes in
view of rising coastal waters and indeed the breaching of the straits of Dover and the
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subincrgeucc oi the North Sea from c. 6500 cal BC. This may have led to a lkctis further
upstream from previously used areas. An additional piece of evidence might be the
prcscncc of monuments iii West London slightly after the earlier activity downstream,
and only later the (lcvclopincnt of more sigiiificant scuJcmcnts (Barrett ci al. 2000a; Lewis
2000b; Crockett 2001).
12.3 Wetland Expansion
This commences upstream in the Mesolithic from c. 4800 cal BC in upstream areas amid
after c. 3800 in the downstream zone. It is a period when the peat beds and marshes
extended significantly into the floodplain, away from the terrace edges, with the river
constrained within a narrow channel.
Upstream (c. 4800-100 cal BC)
There is little archaeological evidence for the early part of this period; modem central
London records less archaeology for Late Mesolithic and Early Neolithic periods than
downstream. There is no firm evidence for anything more than the presence of transitory
groups, even on the stable terraces adjacent to the oodplain. Once again, the majority of
data comes out of the river in the form of stone tools (Adkins andJackson 1978). The
interpretation of these is problematic; there are suesiions that they were lost in dryland
environments such as the recently exposed forests at Purfleet and Erith (1 and 2 on
Figure 136, Wilkinson and Murphy 1995, 98; Seel 2000, 2001), and certainly a few have
been found at Purfleet. However, there is a possible ritual explanation; 'burial' in the river
('Thomas 1991, chapter 4). Many of the tools have traveled long distances from the origin
of the stone, such as Cornwall, Ireland and France (Bradley 1990; Lewis 2000a, 74) and
would therefore have been precious items (see Figure 135) and difficult to replace
(Cotton 2000). Furthermore, many of them are obviously non-functional, such as the
impressive collections of polished axes accumulated by antiquarians. It seems likely that
both explanations have some merit.
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180mm in length
Figure 135. Jadeite axe from the Thames, (Museum of London collections)
The earliest information from this period in the upstream zone comes the Fort
Street (on the boundary between upstream and downstream of this study area) limber
structure (Crockett et al. 2002, 3 on Figure 136). There is some discrepancy in the dating,
but it seems likely that one structure was constructed around 3100 cal BC, taking the form
of either a platform or walkway with a subsequent Bronze Age phase of activity leaving a
small assemblage of post-Deverel-Rimbury pottery. Also at issue is the dating in relation
to the peat below the structure, which dates to c.2800 cal BC. The exact dating is not a
great issue - what is clear is that just subsequent to the onset of peat formation, a structure
was built in a slightly raised area within the marsh. It may be that this was an immediate
response to waterlogging in an area subsequently abandoned until the mid Bronze Age.
The nature of activity in both periods is ephemeral and suggests that although the
floodplain was traversed, there was no attempt to occupy it in a more permanent manner.
By this period, settlement evidence is still extremely restricted.
343
C)
C)
E
0
I-
a)
.
0
a)
.2
a)
E
U)
a)
U)
9-
0
0.
C)
0
Sechon IV
	
Chapter 12. Huma response to envimnmental change
fl1
1	 Purfleet	 5445	 7891
2	 Etith forest	 5330	 7820
3	 Fort Street	 4077	 8020
4	 Royal docks school	 4130	 8110
5	 Wennin9ton	 5425	 8025
6	 Bricklayers Arms	 3380	 7850
7	 Culling Road	 3510	 7940
8	 Hopton Street	 3182	 8045
9	 Fennings Wharf	 2281	 8037
10	 Phoenix Wharf 	 3379	 7965
11	 Vauxhall	 3020	 7800
12	 Suffolk House
	 3271	 8077
13	 Atlas Wharf	 3812	 8792
14	 Bramcote Grove	 3515	 7805
15	 Rainham	 5280	 8200
16	 Dagenham	 4860	 8330
17	 Barking	 4380	 8350
18	 Beckton	 4270	 8200
19	 Southall Farm	 5325	 8160
20	 Launders Lane	 - 5418	 8179
21	 South Homchurch	 5325	 8300
Table 33. List of sites showQ on Figure 136
The site at the Royal Docks School, Custom House (4 on Figure 136) provides
similar information1 with a small area of higher ground in the floodplain used for cooking
and tool manufacture but with no evidence for structures; rather similar to the Mesolithic
camp on the Old Kent road. Again, this is confirmation that the floodplain is being used,
but not being settled. There is no evidence for the way of life behind the types of evidence
that has been found, but a possibility must be that this camp, and possibly the Neolithic
structure at Fort Street, is associated with people grazing flocks or pursuing game on the
marsh. A key issue is the ecology of the marsh at any point; grazing flocks of sheep or
cattle would not be practical if the marsh was wooded and this appears to be case just
above the base of the peaL Woodland would have contained game such as Cemvs
elaplius and Bospnrnigenius (the latter still present in the Early Bronze Age). Bell has
noted that these species would have been useful for maintaining open areas at woodland
margins, and may have been encouraged rather than randomly hunted (Bell 1992). The
subsequent alder can and salt marsh would have been more practical for grazing
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livcstock. Ilic question then is when (11(1 [lie %VO(Xl peat l)CCOIUC replaced by the alder
carr and then sail marsh? The dcndrochronoiogy date from \Vcnnington (.5 on Figure
136) itidicates that [lie peat was still woo(1-bascd in e. 2100 cal BC whilst by c. 1500 cal
BC the majority of the wetlands, (inner-estuary wide) are mainly alder can arid it is likcly
to be between thcse dates that the marshes first became useful for grazing, which would
have facilitated a more sedentary lifestyle or conversely, have led to the loss of good
hunting grounds.
Returning to the Bermondsey Lake, it was also used in the Neolithic, with several
timber platforms and axes deposited in the pcats at the edge of the lake basin at the
Bricklayers Arms (Jones 1991; Merriman 1992, 6 on Figure 136). Once again, there are
no signs of dwellings and it can only be concluded that the area, like the northern
floodplain, was used but not settled and that material has accumulated in the more
accessible areas, such as sand eyot or lake margin. It is possible that the Bricklayers Arms
is primarily a belief-orientated site. The presence of a decorative and non-functional axe
adjacent to a lake with several platforms indicates the possibility of 'placed deposits'
(Thomas 1996, 177; Bradley 2000, 118). Furthermore, articulated horse bones were also
recovered; the presence of axes and bones of this date found together has been
considered to be a form of placed offering (Bradley 2000, 118).
Thomas and Bradley have remarked on the preponderance of axes coming from
the Thames in presumed 'ritual' contexts and make the wider point that rivers are a
common ritual deposition ground in the British Neolithic with axes and other polished
stone tools common offerings to come out of rivers. In fact, they are more often found in
rivers than on dry land; for instance 900 have been collected from Irish rivers compared
with only 68 from archaeological 'sites' (Cooney and Mandal 1998,38). Although a
degree of grinding and polishing improves the cutting edge, the axes recovered from the
Thames have been excessively modified (Bradley and Edmonds 1993, 49). In addition to
the axes, [lie London Thames also has a larger amount of Neolithic maceheads than in
much of Britain (Bradley 2000, 118).
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c. 150mm in length
Figure 137. Axe and macehead from the Thames, from Merriman (1990)
A Late Neolithic site was found at Culling Road in Bermondsey (Sidell et a!. 2000,
93, 7 on Figure 136), approximately a kilometre away from the Bricklayers Arms, with
Peterborough Ware and blades present on another further sand eyot at approximately
1 .Om OD. No traces of structures were found, indicating sporadic use of the area. Again,
the site is above the contemporary river but shows consistent preference for eyot locations
within the floodplain (see Brown 1997).
Early Bronze Age material in the upstream stretch is also rare, but several sites
indicate a presence. The first of these is Hopton Street (Ridgeway 1999,8 on Figure 136),
mentioned above in Chapter 2. It is significant in being the first hard evidence for farming
in the floodplain, dating to c. 2000 cal BC (or shortly thereafter) on the basis of the
unusual Beaker bowl (Figure 138) placed as a votive offering prior to taking the land into
cultivation. No direct evidence for settlement was found on site, but it is assumed that the
fields would not be too far from dwellings. The use of the floodplain for fanning has
previously been considered unusual, but the date of this site is well into the period of
estuary contraction in the upstream zone. This is likely to have been a time of increased
land availability, making Hopton Street less marginal than has previously been
considered.
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Scale = 100mm
Figure 138. The Beaker bowl from Hopton Street, from Cowan (2000)
The next site in this zone is the Fennings Wharf barrow (Sidell et a!. 2002, 9 on
Figure 136), located on a promontory overlooking the Thames. The burials date to
between c.1800-1500 cal BC (Bayliss 2002), and its position must have been selected with
reference to the Thames. It is not on particularly high ground (1.Om OD), as is more
usual with barrows (Greenwell 1877, 8; Darvill 1990, 79), but rather jutting out into the
river and therefore this would seem to have influenced the position. The Bronze Age is a
time of increased burial associated with the river (Bradley and Gordon 1988) and so the
Fennings barrow is likely to form part of this tradition.
The next site in date is the Phoenix Wharf burnt mound (Bowsher 1990, 10 on
Figure 136) close to Tower Bridge. As yet,, there are no conclusive interpretations
regarding the use of burnt mounds, but suggestions include cooking pits and shamanic
sweat lodges (Barfield and Hodder 1987; O'Drisceoil 1988, Buckley 1991; Gibson 1998).
However, they are generally associated with water, and considered to have a ritual
association. In this case, the term ñtual may simply be mis-applied in the case of an as-yet
unidentified form of archaeological feature (see Bahn 1989). Nevertheless, this period is
one of increased non-functional activities occurring in the floodplain, exemplified by the
sheer volume of metalwork deposited in the river from this time; the collection of mid-
late Bronze Age weapons from the Thames equals anything in northern Europe, which is
indeed where much of it derives from (Bradley 1990,2000,54). Furthermore, different
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classes of find come from dillcrcnt stretches of the river (Needhiam and Burgess 1980)
indicating a lugh degree of selection uncra(hcatcd by posl-dcposiUoiial Processes.
An cxainplc of what may prove to be a key location is die Vauxhiall forcshorc
(Haughcy 1999; Mime 2002, 11 on Figure 136), just on the western extremity of the
current study area. A mid Bronze Agc timber structure here is iii a central position
relative to many of the metal linds and the two spearheads found in [lie ground here
indicate it may have been a platform used for sacrificing artefacts. Although at this date,
tl1C wetlands still appear to have been forming, (as indicated at Suffolk House, 12 on
Figure 136), diatom evidence (Cameron, pers. comm.) shows that the tidal head was well
upstream of Vawchall, with diatom taxa such as Para/ia sulcaLa and Cyclotella striala
recovered. There are similarities to F'lag Fen (Pryor 1991, 1992, 2001); obviously
Vauxhall is on a much smaller scale, but comparison is valid with a timber structure in a
liminal zone used to offer artefacts onto dry land and into water.
One interpretation is that the structure may have led to a small island or bar
formed at the confluence of the Thames and two branches of both the Effra and Tyburn..
The structure seems too large to served simply as a walkway, being 4m wide, and it may,
therefore, ha been used to move carts or large numbers of people. Indeed this width
bears some comparison with some of the larger post alignments at Flag Fen (Pryor 2001).
The construction would have been extremely time-consuming and such an investment of
effort is unlikely to have been for a trivial reason, although this does not necessarily mean
a ritual structure. One possibility is that it was used to get to a place of burial, with bodies
placed on an island and subsequently taken by the tide, for which there is some evidence
at Eton rowing lake (not tidal, but bodies placed on an in-channel island, Allen et at.
1997). It is a possibility that if this were the case, the structure may simply have been
below MHWST and any offerings left on it could be floated off by the tide. Given the
relatively few known burials from the period (Fennings 'Wharf being a very rare case) in
contrast with the number of skulls from the Thames (over 300, Bradley and Gordon
1988), such a practice is not entirely out of the question. Excarnation certainly seems to
have been practiced in Britain at this date (Bradley 1990, 161; Thomas 1990) and the use
of the Thames in this sort of ritual seems likely.
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The larger is 150mm in length
Figure 139. The side-looped spearheads from Vauxhalt
(Museum of London collections).
Additional floodplain archaeology of the mid Bronze Age comes from Atlas
Wharf on the Isle of Dogs (Lakin 1999, 13 on Figure 136) where several platforms were
built adjacent to a channel cutting through a substantial peat bed, apparently to stabilize
what may have been the contemporary waterfront. Bramcote Grove has been mentioned
above (Thomas and Rackham 1996, 14 on Figure 136), where the Bermondsey Lake
basin has filled entirely with peat by the lime the irackway was consiructed. No end was
found but it has been assumed that it is going from the gravel tenace to the south over to
the eyot in the northwest No prior settlement has been found from this site, but it would
have been unoccupiable before the lake silted up (there is no evidence for a crannog).
Slightly after this date, a substantial network of coaxial fields is created close by, centred
on Phoenix Wharf (Drummond-Murray Ct aL 1994; Bates and Minkin 1999). The
relationship of this to the earlier (by approximately 500 years) system at Hopton Street is
unclear. The new fields are on slightly lower lying ground (c. 0.3m OD) and there is
tentative evidence for manuring on the later sites (Bates and Minkin 1999, Elsden 2001).
It is possible that there are two phases with a hiatus between, or that increasing land-take
required expansion or indeed that exhaustion of the soils in the Hopton street area
necessitated the move. Furthermore, the recent discovery (May 2002) of a Beaker
associated with a trackway of the same date as the later field systems may indicate a
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practice of curating Beakers (Bradlcy 2002, .58), which could then mean that there is no
finn date for the I lopton Street ardmarks.
The dcvclopmcnt of these systems at this time fits within a wider pal.tenl within
thcTliamcs (Yates 1999, 2001) and indeed southern Britain as a whole, whcrc it is
becoming cicar that the so-called 'Neolithic Revolution' of widc-scalc farming did not take
place until the Bronze Ag (Yates 2001; Bradley 2001). Additionally, it is becoming
apparent that very little in the way of Early Bronze Age 'settlement.' can be found in
southern England at all (Brück 1999b).
The Southwark fields arc all scaled by cstuarinc silts and it seems that this
occurred only a few hundred years after they were taken into cultivation, c. 1100 cal BC,
on the basis of dated sequences from slightly further upstream (Siddll eta!. 2000, 110).
When the fields were submerged they must have become redundant because of the
brackish water. This sees the end of substantial prehistoric use of the floodplain, with only
a few traces of activity, such as the re-use of the Fennings barrow c. 800 cal BC. Although
the deposits at Suffolk House indicate that marsh continues to develop on the valley sides
until the Late Iron Age, the deposits in Southwark make it dear that the estuary re-
expands at a relatively rapid rate (calculated at c. 5m/year, Sidell et a!. 2000, 109) by the
beginning of the first millennium BC, and this date may therefore be a more accurate end
for the phase of wetland expansion.
Downstream (C. 3800-1500 cal BC)
The development of the Rainham area (15 on Figure 136) has been noted above.
However, after the initial distribution of Early Neolithic flint scatters and few setdemehts,
there is practically no activity until the Middle Bronze Age with the exception of the
appearance of the Dagcnham idol (Figure 140), dating to 2460-2110 cal BC (OxA 1721,
3800±70 BP) (Wright 1923; Coles 1990). Prior to radiocarbon dating, the idol had been
interpreted as part of pre-Celtic religion on the basis of the pinewood it is made from
(Piott and Allen 1970), but this was debunked (Godwin 1975) on the basis of late
survival of pine, which has been noted in the study area. Coles has linked the idol to
Scandinavian iconography, with a very tentative comparison with the deity Odin (Coles
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1990). What is clear is that the British and Irish idols are associated with estuanes and
coasts but not inland sites. Whether this relates to a specific cult or belief system is
unclear, but it places the London wetlands into a wider British context. This is further
parallelelled in mainland Europe, where a series of wooden images have also been found
in the wetlands (van der Sanden and Capelle 2000), although there are only two older
than the Dagenham idol; the Mesolithic Dutch Wfflemstad figurine and the Neolithic
Somerset god-dolly (Coles 1998; van der Sanden and Capelle 2000).
The postulation of no activity until the mid Bronze Age holds true for all the sites
where there is activity before the wetlands begin to expand. The timing may be co-
incidental, but concurrent with the marsh expansion there is less evidence for human
activity in the downstream zone than before the wetlands developed. This could be a
factor of recovery, but seems unlikely as generally peat beds are tackled with enthusiasm
by archaeologists and the deposits underneath are excavated less often. Interestingly,
there is evidence for activity during wetland expansion within the floodplain further
downstream in Essex, for instance at Purfleet (Wilkinson and Murphy 1995).
a
4
11
O.5m in height
Figure 140. The Dagenham idol, from Merriman (1990)
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It is only with the advent of the Middk Bronze Age that substantial CVIdCI1CC For
activity is once more l)rcsclit in the (lowilsircarn stretch. l'his is in the fonn of the
trackways from Raimiliain, Dagciiliun, Barking, Beckton (16, 17 and 18 on Figure 136),
North Woolwmcli aii(l Enth. These have bccn nicmitioncd abovc and arc discussed
elsewhere (Mcddcns and Bcaslcy 1990; Mcddcus and SideIl 1995; Mcddcns 1996;
Beiincll 1998). Tlic importance is [I tat they arc all generally contemporary (as can best be
said within radiocarbon ranges) an(l similar in construction, almost exclusively made with
unmanaged alder roundwood (See! 1997, 2001). Furthermore, they all tend to be close to
the top of an alder can peat, rather than in the preceding wood peat. It must be
considered likely that these trackways (with the exception of Erith) are serving a
substantial community based on the gravel terrace along the line of the modern A13 road
from Rainham (at least) all the way to Silvertown where there is a phase of Middle Bronze
Age activity on the site of the earlier Neolithic trackway (Crockett et a!. 2002).
Interestingly, the western Essex floodplain is remarkably devoid of mid Bronze Age
activity (Brown 1996).
The recent excavations along the A13 haveJouuid traces of contemporary field
systems and settlement in Barking and Bcckton, whilst recent work at Southall Farm (19
on Figure 136) on the terrace in Rainham has also produced Bronze Age activity in the
form of a series of burnt mounds along a stream. This site is a few hundred metres away
from the Late Bronze Age cremation cemetery close to the Launders lane enclosure
(Greenwood 1982 and 20 on Figure 136). Yates (2001) has identified a series of field
systems here of mid-Late Bronze Age date, and links these with another group slightly
downstream. A recent discovery has been a late Bronze Age ringwork with associated
fields at South Homchurch (21 on Figure 136), on the terrace edge between Rainham
arid Dagenham (Gutiman and Last 2000). It seems not unreasonable to link the activity in
the wet with the occupation on the dryland, but the problem is establishing exactly what
the wetlands were used for. The Dagenham stone causeway has been associated with the
movement of stock on the basis of (slightly ephemeral) poaching marks in the surface
(Meddens 1996), but an end has never been found to any of these structures. The timber
trackways arc not robust enough for moving stock and are therefore presumed for people
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and built at a time when the marshes were getting increasingly wet; almost certainly a
result of RSL rise and increased mn-off arising from deforestation.
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Figure 141. Map of the east London floodplain, from Meddens (1996)
In the absence of data, it is only possibly to speculate briefly. The trackways could
have both a functional and ritual element to their use; functional in terms of moving
people about the wetlands whilst procuring resources such as food and fuel, or taking a
route down to the estuary, for water or transport. The structures are generally orientated
north-south and so this latter suestion has some merit. However, they could also have
been used for ritual purposes, such as a manifestation of the perceived divisions and ways
of progressing through the landscape (Whittle 1999). Furthermore this is a period of
massively increased artefact (mainly weapons) and bone deposition into the Thames
(Rowlands 1976; Barrett and Bradley 1980; Bradley and Gordon 1988). Although much
of the metalwork and skulls were found upstream, there are still considerable numbers of
fmds from these downstream stretches, including the marshes. Also, objects such as the
Dagenham idol have been found from this period. Furthermore, the area is likely to be
underrepresented artefaclually because of the massive dredging in the upstream but not
the downstream stretches whilst limited peat extraction was undertaken.
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A good comparison might be the excavation of the docks from where a
considerable number of artefacts have been found (Blandford 1854; Spurrell 1889). The
recent discovery (late May 2002) of a placed inverted Beaker adjacent to (an as yet
undated) trackway in Beckton suggests ritual practices are associated with these stmctures.
Indeed the entire use of Beakers in this area of London may have a ritual element, in that
they only tend to be found on or adjacent to floodplain sites. The inversion may link to a
wider cosmological association of inversion/opposition with pamliel worlds, i.e. the world
beyond death (Jon Cotton, pers. comm., Bradley 2000,30).
It may be coincidental that this period of increased deposition of artefacts in the
river co-incides with the turn from wetland to estuary expansion. The deposition of
artefacts is almost certainly associated with agticukural intensification and the acquisition
of wealth and consequently power (R. Thomas 1999; Merriman 2000), but the
encroaching waters shrinking the available floodplain may played a part in votive
deposition. Amongst all this there is still no evidence for Early Bronze Age activity,
something not confined solely to London (Bradley 2001); nor is there evidence for
widescale landscape dearance in the pollen records until the Middle Bronze Age in the
downstream stretch of the inner estuary (Cotton 2000).
Rapier (second from left) is 0.6m in length. Spear heads —0.4 to 0.3m in length
Figure 142. Bronze Age weaponry from the Thames, from Vulliamy (1930)
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12.4 Second transgression
Upstream (C. 100 BC- present)
Ihe infonnaijoti Irom Suffolk I-louse (1 on Figure 143) indicates peat toimation
continuing until late in (lie Iroii Age, liowcvcr, the evidence from elsewhere iii the central
London llOO(Iplaili shows that the tranSgrCSSioli begins slightly earlier. Very littic evidence
(lCnionStratCS seulcincnt even closc to (lie area; (lie islands are inot occupied and there arc
only a few clusters of artclacLs, such as at Bennoiidsey Abbey (2 on Figure 143), but there
are not Lvi si/u. Rallier oddly, (lie City (3 on Figure 143) contains a range of Iron Age
objects (Mcrritnan 1987), but again there is no trace of scuiennent. Furthermore, much
less metalwork is going into the Thames than in the mid-late Bronc Age. The quality
increases, howcver, with objects such as the Battersca shield and Waterloo helmet
(Men-iman 1990). These objects may well be associated with burial rather than being the
displays of wealth of the earlier period, particularly as there is very little evidence for the
farming necessary to provide surpluses to buy bronze. An additional factor is the rise of
iron; the ore was present locally and could be manufactured into tools much more easily
than Bronze (Kristiansen 1994; Merrixnan 2000). This would have led to a decreasing
need for bronze; without the necessity to trade overseas for bronze, people might have
been drawn away from the Thames. These factors,"tn combination with the loss of field
systems might be behind the apparent move out of the floodplain in conjunction with the
formation of new üibal territories and a greater focus on defended settlements sudi as
Queen Mary's Hospital, Carshalton (Adkins and Needham 1985; Bruce and Giorgi 1994,
4 on Figure 143) and Caesar's Camp, Wimbledon (Lowther 1945, 5 on Figure 143).
The incursion of Roman culture into London saw a re-occupation of the
floodplain, from c. AD 47. I)iatom evidence suests that the river was more weakly tidal
at this date than in the Late Bronze Age (Wilkinson 1998). The Mediterranean Roman
people were unused to tides, as shown by the wrecked boats of Julius Caesar during the
55 BC invasion (\Vebster 1980, 37). This may have led to the construction of the first
waterfront at such a high level (see above, Chapter 11). It is unnecessary to document the
finds from this period, but rather to examine the Roman adaptation to the vicissitudes of
the river. As has been shown, the Roman waterfront was constructed by a combination of
apparently centralized government and ad hoc individual tenants. Nevertheless, the
extension into the river indicates consistent adaptation to dropping relative river levels.
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T1
1	 Suffolk House	 3271	 8077
2	 Bermondsey Abbey	 3340	 7933
3	 The City	 3275	 8125
4 Queen Mary's Hospital	 2780	 6248
5	 Caesar'sCamp	 2240	 7110
6	 Toppings Wharf	 3287	 8036
7	 Winchester Palace	 3260	 8041
8	 The Strand	 3053	 8079
9	 South Homchurch	 5325	 8300
10	 Hunts Hill Farm	 5660	 8310
11	 Uphall Camp	 4383	 8508
12	 Summerton Way	 4800	 8128
13	 Crossness	 4780	 8150
Table 34. Sites shown in Figure 143
This indicates a desire to retain dominancc ovcr the land, because the effort and
cost of periodically redesigning the waterfront and waterside structures would have been
extremely high. This is, nevertheless, in keeping with the rigid 'Roman' mentality of
building straight roads and walls, no matter how costly, inconvenient and easier it would
have been to adapt to the obstades rather than adapting them.
In Southwark, there is also evidence of this attitude. Rather than confining the
settlement to the dry ground further to the south, a decision must have been made to
utilize the marshy area directly south of the centre of the north bank settlement for the
bridgehead. This led to the kind of embankmcnts seen at Toppings Wharf (Sheldon
1974, 6 on Figure 143) and Winchester Palace (Yule 1989, 7 on Figure 143), indicating
that the land would be made useable even if below highest river lcvel. And yet the eftort
expended must have been greater than to build a slightly longer bridge. There is also
evidence for reclamation to extend the settlement in addition to embanking. The Roman
form of adaptation to the river is extremely labour intensive; it is adaptation of the land,
rather than the people. Yet it is as a result of having placed their city in this location
initially, and subsequently maintaining it in the face of declining water levels. The
importance of the river for trading and transport must have significantly outweighed the
disadvantages of the fluctuating position.
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ihis contrasts very strongly with the Eaiiy Saxon peoples, who were obviously not
drawn to the river but preferred locations gencrally Far to the south of the Thames. It is
only latc in die Saxon aiid Saxo-Norman pcnod wllcEi the stratcgic position of die river is
valued, once more seen in rclation to trade, particularly with the settlement at and above
thc SQ-and (Cowic and Whytchcad 1989, 8 on Figure 143). This appears to be a pcnod
of stability in the rivers history, with no obvious change; by this time, the river is more
strongly tidal than in the Roman 1)eLlod (\Vilkinsoii 1998), but does not appear to be
rising. This only changes with large constructions such as the caissons for the Colechurch
London Bridge. From this date, tidal range is also subject to change as a result of
construction.
Downstream (C. 1500 BC- present)
The transgression in the downstream zone co-incides with another significant reduction in
human activity. No more trackways (or other archaeology) Shave been found in the clays
sealing the peat. There is limited evidence for the continuity of field systems on the
terrace edge into the Late Bronze Age (Yates 2001), but the term 'Late' is generally taken
to cover Middle and Late, and very little radiometric dating is available from these sites.
Therefore these sites may go out of use when the iansgression begins to bite. It certainly
seems possible that if the marshes had previously been used for grazing that their
submersion would have had a significant effect upon the local farmers who would have
needed to relocate their livestock, or change their farming regimes. This is thought to
have been a period when wealth was reflected in land possession and indeed in livestock
(Yates 1999; Merriman 2000). Therefore, destruction of pasture would have had a
detrimental effect upon the landholders and subsequently the political structure on winch
individual communities were based. Several new settlements are built on the northern.
terraces at this date, at South Homchurch (Guuman and Last 2000) and Hunts Hill Farm
(Greenwood 1997,9 and 10 on Figure 143), and it seems possible that the descendants of
the communities that built the trackways constructed and occupied these enclosures.
There is very little Early - Middle Iron Age archaeology in the downstream zone;
this supports the suggestion that the area was generally de-populated in the Late Bronze
Age with some limited evidence of continued occupation at Hunts Hill farm.
Additionally, some elaborate metalwork was deposited in the river (Fitzpatrick 1984;
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Champion 1994, 129). Tlicrc is more evidence Irom the I.atc Iron Age, ('Cured 011
U1)hall Camp (Greenwood 1989, 20() 1, 11 on Figure 143), a univallatc fortific(1 enclosure
above the floo(lplain but on the river Rodiug. At this (late, London is though to have lain
at the jUIICtK)l1 of several tcrntorics, wlndi might account for the sporadic activity and the
apparent (hsslmilanty with southeast Eiigland generally (Merrirnan 2000). Furthermore,
the river is thought to have acted as a barrier between these rival territories and as such,
the floodplain was not an area in common usc, perhaps litcrally analogous to a 'no-mans
land'.
The situation did not change materially until the Roman period, and indccd the
downstream stretch of the region was not settled substantially at all under the Roman
occupation. Very little evidence has been recovered from the floodplain; Summerton
Way (mentioned above, Chapter 11, 12 on Figure 143) being one of the exceptions
(Lakin Ct al. 1999). In fact this is almost certainly an undef-representation when
compared with the records of Spundll (1889) who found large amounts of Roman
material at Crossness (13 on Figure 143). Some Roman ditching and boundaries have
been found on the A13, presumably associated with fields, but nothing in the floodplain.
There is even less Early Saxon material in this arcazio villages have been found and
practically no artefacts. Incidentally, this matches with the period of flooding and
abandonment identified in the Somerset Levels, Romney Marsh (Rippon 2000, 138) and
also the Belgian coastal plain (Ervynck et al. 1999). It is not until the medieval period that
the marshlands are used for grazing and fanns and manors spring up on the terrace edges.
Redamation is thought to have taken place from the early medieval period and the
construction of river walls appears to have followed slightly later. However, the population
density to land ratio appears to have been quite low and there would not have been the
pressure on land that would require significant adaptation of the land to suit the gradually
rising river levels.
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12.5 Discussion
There appears to be changes in lonn and spatial patterning of human activity co-
incidental with pCtiodS of floodplain cliangc. It may never be possiblc to prove to what
extent these arc linked, nevertheless, it is irnportaiit to at least examine the possibilities
and put forward a model of change, no matter 110W bedeviled with the usual problems of
bias, tal)1101101nY and (liagenesis.
Patterns
There is limited activity occurnng dunng the initial transgression. The type of mobile
society present at the time was one that would typically leave few traces (Mithen 1999).
Those traces, however, indicate that the Thames was of significance to them on two
levels. Firstly, utilitarian activities such as tool manufacture and food procurement took
place at the waters cdgc, both nverine and lacustrine. Secondly, ritual activity can be seen,
with artefacts offered to the river. Mention has been made of belief stmctures associated
with elemental forces, and the Thames does not appear to have been an exception to this.
The activity recorded during the initial transgression is more prominent in the
downstream estuarine reaches where a more dynamic riverside environment would have
prevailed than in the upstream freshwater zone. Bjthe end of the phase, the downstream
zone shows evidence for technological developments in the form of expanding toolkits
and acquisition of ceramic technology. It is not possible to state that the activity traces in
the estuarine and freshwater zones were left by different groups, simply that the
technology downstream seems to have been more advanced.
There is a hiatus of activity during the initial expansion of the wetlands, seen
consistently across the study area. Where Early Neolithic material is present, it is found
downstream at the end of the earlier transgression and perhaps can be tagged onto 'the
Mesolithic'. The hiatus is substantial, perhaps lasting for two millennia. This is not to
suggest that the Lower Thames was entirely devoid of people, but it certainly appears to
be significantly less populated than before and there is no evidence for the 'agricultural
revolution' of the Neolithic (Yates 2001). Unfortunately it is not easy to closely date
Neolithic axes; many have been collected from the river and may well form a
continuation of ritual offering in this period during the creation of the floodplain
woodland, preserved still at. Erith (Scel 2001). Thomas (J. 1999, 222) has argued that this
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was a pcnO(f of monument bLitiduig belorC (lie onset of sCdCuhiSm and it is notable that
London is very sparsely populated with moililments, which could account for the
apparent lack of people at this (late.
Thc hiatus persisLs into iJie SCCOfl(l mihlemutiwn BC and it ends at roughly the
beginning of the truisition from wetland (kvelopmcnt to estuarinc expansion. At this
olate, trackways, field systems and settlements begin to appear in tandem with widescalc
dcforcstation and otrerings of spectacular metalwork iuto thc Thames. This persisted
until the final submersion of the wetlands, ap)roximately a mnillenmuin later whiemi the
estuary swallowed up the floodplain back to the terrace cdgn, approximately co-incident
with the beginning of the Iron Age, c. 700 cal BC. Omice again, there is a dramatic
reduction of the amount of activity occurring both within and beside the floodplain,
persisting until the Roman incursion. It is ips noteworthy that although within a
period of major transgression, there appears to be a lowering of river levels during the
Roman period. This reverses towards the cud of the Roman period, subsequent to which,
the floodplain appears to be abandoned once more for a further few hundred years until
the importance of the river in trade is one more recognized.
From this (Fable 35), it may be seen that there are significant changes in the
patiern of human use of the floodplain and terrace edges which often co-incide
approximately with the significant changes in estuary dynamics. The question is,
therefore, to what extent arc these linked?
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ItIiL I-1.u'1i	 U'i'1iI'I(EI11! [4iJT1
	
Upstream	 Temporary camps, tool	 Early absence, axes	 Elaborate metal in the
manufacture, food	 and bronze in the river, 	 river, city formation,
procurement, axes and
	 (arable) field systems,	 embankment,
adzes in the river,	 use of ceramics, burial,	 reclamation.
Vauxhall platform.
	
Cultural	 Mobility, seasonal	 Mobility, ritual, 	 Ritual, rise of urbanism,
	
processes	 sedentism, ritual. 	 sedentism.	 investment in
infrastructure.
	
Downstream Permanent camps?, tool Early absence, axes	 Defended enclosures,
manufacture, food 	 and bronze in the river,	 field systems, small
procurement, use of	 idol, trackways,	 famisteads and
blades and ceramics, 	 inverted Beaker,	 manors, reclamation,
as and adzes in the	 settlements, grazing on	 river walls.
over,	 the marsh.
	
Cultural	 ? Sedentism, mobility,	 Mobility, ritual,	 Sedentism, farming,
	processes	 technological advance, 	 sedentism.	 feudal systems,
ritual,	 defence of people and
land.
Table 35. Summary of activity and associated cultural processes
Culture or climate?
Literature on British prehistory is clear on the pitfalls of linking human activity with
external/environmental forces, for example:
Archaeology has attempted to reduce mateilal culture to an essence Hthkh must
then be located within the ieabn ofideas or that of biological presences (Thonias
1996, 18).
The relationship with place and with things is a social one in which the peopk
belong to the la.ndas much as the land belongs to the people. Byturningthe
matenal world into a mere sock ofresources, we sever ourselves from the
possibility of this kind of dwelling (Thomas 1996, 71).
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i'liis school OlIhlOughIt dates back to tile writing of Gordon Childe (1950), who i(lClltihC(l
hiuinaii culture as dcvcloping at a rate beyond simply maintaining cquilibnuin with
environincnL It is a constant issue with cuvironmcntal archaeologists who seek to
charactcnzc uitCractions within human ecoSystems only to be vilified for not idcnti1ying
the rOOt cause of all change a a cognitive level. Nevertheless, many archaeologists who
endeavour to track human development in coastal or rivcrinc systems tend to do invoking
more proccssual-bascd approaches rather than using theoretical approaches such as
phcnomcnology (Tillcy 1994) or hcnncneutics (Barrett 1994). There needs to be scope
for archaeologists to examine the links between cultural and environmental change
without having to base all change entirely on human cognitive dynamics to escape being
branded an cnviromncntal dctcrminisL This has been partially tackled by Brown (1997,
chapter 9), who looked at the cultural reasons for inhabiting floodplains in light of the
operational and cognized environment, positive and negative aspects and finally risk
strategies. He further defines the problem of previous work being branded as
deterministic on the basis of having used overly simplistic modeling (see Figure 144). In
addition, floodplains are defined as providing
potcnthil for the examination olpast socicuis response to environmental chaii,
at a i'axicty ofscales from the Bronze Age household on the Thames floodplain at
Runnjniede to the decline ofcivi/zzati......unpaiallckd opportunities for inily
integrated multidiccinlinaiy studies ofcrnironment.al change and human causes and
impacts which may point to fluture threats and management solutions (Brown 1997, 315).
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(a) Input-output model
	________	 POPULATION	 ________
	
CLIMATE	 iii ACTIViTY ______I	_______	 REGION	 _______SOCIETY
(b) Interactive model
(C) Interactive model with feedback
FEEDBACK TO CMAGE
B1OCAL IMPACT
CLIMATE
VARIATION
OF IMPACTS	 ADJUSTMENT
IMPACT	 AND CHOICE	 OR RESPONSE
SOCIETAL
WATION
AND CHANGE
FEEDBACK TO Q1.4NGE
SOCIETAL CHARACTERiSTICS
(dl Interactive model with feedback and underlying process
I IUMAT1C
NKTUf]	 VARIATION	 ______
AND CHANCE
•	 I INCIDENTALI	 I INTERACTION	 PERCEPTiON	 I on CONSCIOUS
-	 Ø OF IMPACTS	 P1 aioicsoc
I	 IMPACT	 AND CHOICE	 ADJUSTMENT
.L	 OR RESPONSE
	
I SOCIETAL.	 ________
soaE1
	
VARIATION	 II AND CHANGE
Figure 144. Models for interpreting human response to climate change, from
Brown (1997)
In order to truly examine the sequence of change identified within the study area,
the pattern needs to be examined from the standpoint of culture and possible co-
incidence, in isolation from identified environmental change. The key issues are as
follows:
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1. There is more Mesolithic activity and a higher degree ol technology present in the
estuarinc zone of the Thames, as oppose(l to the cOiltClfll)Orary frcshwatcr zone.
2. Ritual deposition of Late Mesolit.lnc material into the river occurs, with a relatively
high amount of artefacts when compared with the dryland zone.
3. There is no Early Neolithic presence during the J)eflod of wetland formation, only
under the preceding period of estuanne expansion.
4. There is a vcry high inci(lence of Neolithic ntual deposition into the river
involving imported artefacts.
5. Bronze Age activity occurs mainly when the estuary begins to expand against the
wetland expansion. This generally takes the form of field systems and irackways.
6. Middle Bronze Age ritual deposition into the river is again exceptionally high (for
England) with prestige goods imported from Europe.
7. There is an apparent swing of occupation centres between eastern London and
western Essex during periods of wetland expansion and contraction to capitalize
on available land.
8. There is practically no evidence for Iron Age occupation in the floodplain and
terrace edges, other than Uphall Camp and isolated finds.
9. There is limited Iron Age ritual deposition into the river, but this tends to be of
highly elaborate items.
10. The Roman city was sited in an unoccupied area in a period of apparent lowered
river levels. The south bank had however, been quite densely used in the Bronze
Age when the tidal head was migrating through the area.
11. Early Saxon settlement, although well known from Greater London is entirely
away from the estuary.
12. Ii was only during the Saxo-Norman period that the floodplain was reoccupied.
13. From the Saxo-Norman period, urbanization occurred alongside the estuary
margins initially, and only after the city had stretched to incorporate Westminster
and down to the Tower, stretched back away from the Thames.
Possible cultural explanations of these points include:
1. Mesohithic activity is more likely to lie in the downstream zones of river valleys
because they tend to be used as routeways (Mdllars 1978) and it is only with the
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rising sea kvcls and a shrinking valley system that Mcsohtliic people are gradually
drivcii upstrcatn.
2. Mcsolithic ollcnngs in nvcrs arc not unknown and arc likely to be linked to
worship of cicmcual (Icibes. Nevertheless, the amount in the Thames is unusual
on a national level (Lewis 2000a).
3. 'I'hc very limited Early Neolithic material in tile floodplain could be associated
wIth this as a 1)Cnod of monument building U. Thomas 1999, 222), which
occurred oiiLside Greater L.ondon. The material at Eritli and Rainham could be
classed as Mesolithic/Neolithic transition prior to the concept of monumentality.
The locational bias towards the estuarine zone would relate to point 1 with there
having l)re'10USlY been a strong link with the Outer estuary.
4. Neolithic offerings to watery places are reasonably common, and although there
are relatively large numbers from the Thames, this is as likely to derive from
complex cultural systems rather than supplication to the river itself.
5. The fluorescence of activity just before renewed estuarine expansion may simply
be co-incidental with the widescale fundamental change in subsistence that
occurred at this time in southern England, with the creation of extensive lowland
field systems (Yates 2001, Bradley 2001). Kdmittedly, the reason behind the
timing of this event is not understood. Nevertheless, the appearance of large tracts
of grazing marsh will have made this an attractive area in which to practice a
pastoral economy. Furthermore, the importance of mn-off into the floodplain
following deforestation should not be underestimated.
6. The abandonment of the (submergin floodplain in the Late Bronze Age may be
associated with the construction of ring-forts and the associated change in social
systems. Nevertheless, it is difficult to view this removal from the heavily used -
floodplain as entirely separated from the environmental causes leading to its
submersion.
7. The balance in occupation between western Essex and east London could be
associated with territoriality of groups. However, this has previously been
explained (Cotton 2000) as arising initially through increased land availability
when the wetlands expanded in Essex. This then led to the relative increase of
later Neolithic activity in Essex and the subsequent relative increase of Middle
Bronze Age activity in east London as the population chased usable land, followed
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by a re-population of western Essex in the Late Bronze/Early Iron Age. It is hard
to fin(l a convmcing cultural explanation for thiS 1)am•
8. The realignment of lan(l an(l OCCUpati011 using natural barriers to dwidc tribal land
in the Iron Age of southcrn England is a well known if poorly understood
phenomenon. This would account for the abandonment of the area, if not
necessarily explaining it. However, a reason that is often put forward for the
withdrawal of PcoPlc from tins area and similar ones is of climatic deterioration
and overcxploitation of marginal farming land (Caseldine 1990; MackIm ci al.
1992; Piyor 1996; Meminan 2000).
9. The relative decline in deposition of objects into the river during the Iron Age is
surely linked with the withdrawal of people from the area. Nevertheless, the sheer
value of the items ending up in the Thames (see Figure 14.5) indicates that it
maintained an impomiant role in ritual practices.
10. There arc many theories for the positioning of the Roman city, ranging from the
similarity of the hilled north bank to the seven hills of Rome, the lack of previous
occupants and the position of the tidal head. It seems likely that the river and
valley side determined the choice of location, given the theory that the Thames
was used as a barrier between rival Late Irob Age territories (Merriman 2000).
Locating the Roman city there was prudent, in terms of not being directly on the
territory or Oppida of a conquered tribe and also with good transport access.
11. The position of the Early Saxon settlements is likely to have been determined
entirely culturally with a rejection of urban dwelling and an emphasis on smaller
farming communities.
12. The re-occupation of the area is based on a change to a trading community with
the emporium of Lundenwic and one that needed the river in order to develøp
and maintain overseas trading links.
13. Urbanization is obviously a cultural phenomenon, but the initial expansion along
both riverbanks rather than to the north and south indicates the centrality of the
river, presumably for transport and trade.
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Figure 145. The Iron Age Battersea shield, from Merriman (1990)
This brief summary of the key developments indicates that they have come about
as a result of both cultural and environmental causes. Some of the timing suggests a
positive response to environmental change, particularly the presence of
Mesolithic/Neolithic transitional material in the estuarine zone, the abandonment of the
floodplain at the mid/Late Bronze Age transition, only shortly after the development of
large-scale field systems and the balance of occupation between east London and Essex.
The continuation of activity on the terraces behind the floodplain (i.e. South
Homchurch) shows that it was only the floodplain that was abandoned and not the region,
which strengthens the argument for environmental causes determining relocation.
It is noticeable that the periods of relatively large and unusual amounts of
offerings in the river co-incide with the periods when the estuary is expanding, i.e. the
Late Mesolithic and mid-Late Bronze Age. The question of ritual offerings is very difficult
to deal with, as it is impossible to gauge the reasons for such deposits; it is possible that in
these cases it is simply co-incidence. Nevertheless, the position of the mid Bronze Age
Vauxhall stmcture at roughly the tidal head would argue for a link between RSL rise and
increased deposition into the Thames over and above the displays of wealth needed to
maintain positions of authority within a hierarchical society. The most comparable
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estuary, the Severn (sce bclow) does have some ollcrmgs from tlicsc periods, but on a
much smaller scale.
It sccms apparent iliat throughout later prclustory, the river has rcmamcd
constantly important for transport, maintaining social systems, ritual ceremonies an(l basic
uk-sustaining activity. The fact that there is still some activity associated with the river
even in periods of apparent wide-scale abandonment, such as parts of the Neolithic, Early
Bronze and Iron Age shows that it has maintained a position of iinpoituice in the
collective minds of the inhabitants of the valley above that of a simple waterbody for
moving boats and watering stock. It seems possible that the importance of the cyots as
being 'ritually charged' places (Brown 1997, 288; Cotton 2000) has a role to play in this.
From the Roman period this changes; the river is still afforded a central place in
Roman life, but the ritual element is lessened, perhaps associated with the introduction of
the Roman pantheon, more allied to anthropomorphized virtues rather than a more
elementally-based belief system. This is also likely for the pagan Saxon population, where
trade also plays a relatively insignificant role in life. Since the Late Saxon period the river
has played a central role in the development of th'.city and it is only with the decline of
the port in the early 20th century that this ceased to be the case.
Comparisons
Tendency of sea level movement in the Thames has been examined in Chapter 11 and
proved to be typical of other estuaries in southern England. It is important to examine the
archaeological sequences in these other systems in order to see whether there is evidence
elsewhere for human response to environmental change. The Severn is the best
comparison, in terms of length of occupation, although there is no specific urban centre.
Romney Marsh and Southampton Water do not have significant amounts of archaeology
and so it is more difficult to consider the relationship between cultural and environmental
change. Although the Fenland sequence did not match the Thames, it is still a populated
area in the key periods under question, i.e. later prehistory and consequently, is worth
briefly examining.
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The Severn
The Severn estuary has a tradition of antiquarian fmds similar to that of the Thames, with
early records of buried forests, stray finds, axes, boats and skulls from dock digging and
exposed tidal flats (Bell 2000b, 3). Late Mesolithic activity is also present in the Severn
estuary, at Golddliff (Bell, Allen et al. 2000); otherwise, excavated Mesolithic sites are
scarce, with the exception of a series of footprints found in the estuary, the site at
Westwood Ho! (Balaam et al. 1987) and a series of finds from Pembrokeshire (M. Lewis
1992). However, Early Mesolithic material is not generally found within the floodplain or
valley sides, so the part of the sequence represented in the rnner Thames estuary by the
B&Q and Waterloo sites is not well represented in the Severn. It seems likely that this
phase of occupation could well be offshore or has not yet been found at depth away from
the intertidal zone.
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Figure 146. Location map of Goldcliff, from Bell, Caseldine et al. (2000)
The Golddliff Mesolithic site exhibits similarities to the Eiith complex in that Late
Mesolithic material is present on a (semi-) terrestrial surface with substantial flint scatters
and subsequently activity during the transition from estuarine sedimentation to peat
formation, which has left a preserved forest in both cases. Excavation and preservation is
better at Goldclifl but the sites are directly comparable although Goldcliff is situated
relatively further out in the estuary. The suggestion that neither site was a home base but
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were short-lived lithic manufacture sites for tools to be made and then used elsewhere is
interesting and may indicate a wider practice amongst river-based Mesolithic groups. A
point of difference is that there is some evidence for use of the salt marsh at Goldcliff,
whereas Erith is not occupied again until the mid Bronze Age.
A very noticeable parallel between the Thames and the Severn comes with the
Neolithic archaeology in that there is relatively little of it in both estuaries, but particularly
so in the Severn. The Thames has its illey-side sites such as Rainham and others along
the terrace edge and the large amounts of axes and maceheads that have been dredged.
Nevertheless, there is still relatively little evidence for settlement. The Severn has a
number of finds collected from the intertidal zone, some material from the interface of
the charcoal honzon and peat at Goldcliff and evidence for human activity in the pollen
spectra away from the intertidal zone. It is likely that the amount of dredging in the
Thames has significantly biased the record by over-emphaizing the amount of axes here
in relation to less-dredged rivers, so it may be that the Severn comes quite close to the
pattern of deposition in the Thames. The lack of evidence in the Thames has been
ascribed to several possible causes; building monuments elsewhere, avoidance of the
wooded peals and possible relocation to Essex. Similar arguments could be extended to
the area of the Severn. The Mesolithic communities could have been building
monuments in Wales and avoiding the marshes. 'Essex' could equate to 'further out in
the estuary' but there is no evidence for occupation here either.
160mm in height
Figure 147. Somerset god-dolly, from Coles and Coles (1986)
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What there is, however, is substantial evidence from the Somerset Levels (Coles
and Coles 1986), where Neolithic trackways such as the Sweet and Bell Tracks
demonstrate that these areas were being used, possibly following inundation of previously
occupied areas such as the Goldcliff complex. There are several parallels between the
Neolithic Thames wetlands and the Somerset levels. Perhaps the most obvious comes
with the Fort Street trackway and the many trackways in Somerset, but also the carved
figurines of the Dagenham idol and the Somerset god-dolly. Although the context of the
Dagenham idol is not well known, it is suggestive that many of the European wooden
idols have been associated with trackways, which include the Somerset god-dolly and the
Iron Age Wittemoor 'couple' from Lower Saxony (van der Sanden and Capelle 2000).
Large figure = 1.05m, small figure = O.9m in height
Figure 148. Wittemoor 'couple' and conjectural reconstruction of their position
on the trackway, from van der Sanden and Capelle (2000)
A further similarity between the archaeology in the Severn and Thames lies in the
occurrence of a number of human skulls. Deposition of these in the Thames has been
discussed above. A number of skulls have been found in the Severn (Bell, Richards et al.
2000), during archaeological excavation and commercial development in the area. They
have a wider date range than those from the Thames, which are mostly Bronze Age, and
there are also many less in the Severn, nevertheless, it is another indication that similar
practices are occumng in both rivers, the prehistoric finds likely to be associated with
excarnation and offering skulls to the river. Associated weapons are rare in the Severn,
but the rapier from Avonmouth strengthens the case for similarities in Bronze Age ritual
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practices. i'lic skulls from the Seven arc illtcrprctc(l 	 p1 of a wider ritual landScape
(Bell, Richards Ct a!. 2000), inspired by the river i(sdU a SUggCSQOIi tna(lc ahovc (or the
pracuccs associated with thC 'l'liamcs.
Another parallel comes with the Bronze Agc. Both areas have practically 11<) Early
Bronzc Age material, but have much largcc ml(l Bronze Age asscnhl)lagcs. tins is one of
thìe richest 1)cnods, archacologically, in the Thames, wait scUlcmnejit, held systems, UI(I
trackways in thc marshes and the nictalwork ill (lie rivcr. Some metal work has been
recovered in the Severn, i.e. spearheads at Ruinocy and a l)alstave near Redwick
(Neuman Ct a!. 2000). A series of mid-Bronze Age buildings have also been found at
Rumncy, Redwick and Collistcr Pill. This type of evidence is not present in the Thames,
but on a broader level, it can be said that there is domestic activity of this date, and
significantly more than present before in both estuaries.
It is with the Iron Age that a major difference lies; the inner Thames has
practically no Iron Age activity in the cstuary at all. Conversely, it is in this period that the
site Goldcliff was occupied once again. A great many timber structures have been found
here, in the form of a series of huts and trackways crossing the peats and mud flats (Bell
2000c). Cultural reasons are considered to be behind the move of people away from the
Thames, however, these pressures, thought to be associated with the need for defence
were apparently not in play in the Severn. Potentially the political climate was more stable
here, or indeed the topographic conditions made for natural defence. In general,
howewr, it can be said that the patterns of archaeological occupation in the iwo estuaries
are similar, as is the sequence of environmental change. The two are not necessarily
linked, howewr, the relative disuse of (lie wetlands in the Neolithic through to the mid-
Bronze Age is striking, as is the ritual use of the rivers in the Bronze Age. The lack of
urban centre on the Severn in the Roman and later historic period makes comparison
beyond the Iron Age difficult.
Woo tton-Quarr
Research on the coastal margins of the Isle of Wight, at Wootton Quarr has [ouiid a great
deal of intertidal archaeology (Loader Ct a!. 1997), which can be viewed in tandem with
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the CVI(ICIICC br RSL cliarigc from Soutliunptoii Water (Lxnig ci al. 2000). Similar to [lie
Scvcni and the 'l'haincs, a Neolithic buried forest is present here, out subsequently
sul)Inergc(l as RSL rose. 'Fins is (later! earlier titan in the Thames, around 30(X) cal BC.
Another variation From the pattern ol)scrvcd in thc 'I'liarncs and the Severn is the amount
of Early Neolithic activity, including the seLling ol Fish traps along the coast ami tile
construction of trackways, again l)uncd during the Neolithic under cstuanuc sediment. As
yct, there is no finn cvidciicc for ntual activity, %ViIicil is prevalent in the 'l'liaines aiirl
perhaps indicates a more river-orientated belief system within thc society using the
Thames Valley than that using the Wootton-Quarr coast
Fenlands
Anthropogenic impact on the environment has been picked up in pollen spectra from the
Fenland which shows some similarity with the Thames data. There is very little evidence
for Mcsolithic activity, with limited clearance around a known site at Peacocks Farm
(Wailer 1994a, 105). Unusually, there is evidence for Early Neolithic cultivation from
Haddenham in the form of dearance and increase of, particularly, Planrago Ian ceola.ta
This is in sharp contrast with the general trend of little Early Neolithic domestic activity in
the estuaries, or even generally. However, this sort of information is largely absent from
the later Neolithic and Early Bronze Age, which fits better with the pattern seen in the
Thames and elsewhere in southern England (Bradley 2001). This indicates that there may
have been a very short-lived phase of arable farming (such as sues ted at Woolwich
Manor Way in the Thames) mixed with pastoral grazing (Clark and Godwin 1962; Pryor
eta!. 1985). This, as with the Thames appears to have been succeeded by a withdrawal
from the area towards a more mobile, monument-orientated culture away from the fen
edge (Whittle 1978), who created structures such as the Southwick, Haddenham an
Etton causewayed enclosures (Palmer 1976; Hodder 1981/2; Pryor 1998). In this sense,
there are many similarities between people moving out of the Fens and the Thames
estuary into new and striking monumental landscapes away from the wetland
environment.
Following the abandonment of the monumental landscape, some sinulanties can
be seen, with the adoption of fen-cdge field systems in the Early Bronze Age. Although
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this is earlier tliaii in the Thames Valley, it is (heir abandonment that more (-losCly
parallels the Thames. Both systems appear to be floxlcd at thc Cnd of the Bronze Age
(Piyor 1980) and there is vcry little evidence for activity in the Icits or at the lcii-cdgc at
thc Bronze Age/Iron Age transition (Pryor ct aL 1985) but unlike the Thames, there is a
substantial Iron Age presence.
A key aspect of the ardiacology of the Fenlands COIflC5 With! the ritual laildSCapC
of the Late Bronze Age centred on Fcngatc and Flag Fen (Pryor 1996, 2001). This area
has been mentioned several times and does not need reiteration, other than to stress the
similarities of ritual deposition of weapons from Iiininal wetland/dryland zones into the
waicrbodics of Thames and the Fens at a time when both environments appear to have
been coming out of a period of wetland growth into a marine transgression proper.
Dutch coast
There is scope for limited comparison with the pre history of the Dutch delta (Louwe
Kooijmans 1980) in terms of type of human occupation. The Mesolithic period is entirely
similar with a patter of migration within the river systems. The Mcsolithic/Ncolithic
transition seen within the Thames estuarine zone is also matched in the Netherlands with
some mobility and the introduction of ceramics. Subsequent to this, there is a hiatus in
the floodplain that may correspond with the monument building period seen in the
Thames. The Early Bronze Age in the delta is a period of settled farming, something not
seen in the Lower Thames, or indeed in much of Britain at all (Briick 1999b), but the
later Bronze Age phase with use of drier land for settlement and wetter land for pasture
does match extremely well He identifies several key criteria for successful occupation;
limited 'inconvenience' from water and economic viability of land, whether for permanent
or seasonal occupation (Louwe Kooijmans 1980, 112). He further identifies the reasons
for change in occupation patterns as primarily a response to RSL change. Generally the
change in the prehistoric period was either to abandon or attempt to defend land, but
generally abandonment in the end.
More evidence comes from Voorne-Putten, close to the Rotterdain coast (van
Ginkel 2001). The area has been gradually reclaimed from the sea and has been almost
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c()lt(itlUOilSly occupied, however, as apparently the case in the 'l'haincs, the Mesolithic
comniunities of this area (who made the Willemsiad manikin) were gradually forccd UI)
the estuary here onto higher ground because ol nsing RSL There has also been recovery
of evidence for the (ICVCIOI)IUCIIt of Mesolithic/Neolithic transitional culture at
Vlaardingen and Hekclingcn (van Ciitkcl 2001). As with the Thames, from c. 4000 cal
BC, wetlands communities developed, in this case owing to l)arner protection. The
welauds were heavily utilized until a further penod of marine transgression (l)unkirk Ia)
remodeled the area, from c. 800 cal BC, roughly contemporary with activity in the
Thames. Unlike the Thames, but sumlar to the Severn, Iron Age communities
established themselves on high land, built farms and practiced a pastoral economy.
Summary
There is somc evidence within the study area for active human response to patterns of
RSL and environmental change. This takes the form of changing centres of occupation
within the floodplain and also potentially some of the ritual deposition of objects into the
river. The positioning and subsequent repetitive rebuilding of the Roman waterfront is
also seen as actual responses to R.SL continue to us the river. There are other key
developments that are almost certainly entirely culturally based, i.e. the lack of Iron Age
and Early Neolithic activity. There is difficulty around the deposition of offerings into the
river. A number of explanations have been put forward, associated with self-
aggrandizement and displays of personal wealth, but it is also possible that some of the
objects were made as offerings to changing elemental forces.
The archaeology of the Thames estuary shows a continually evolving human
presence, engaged in the same forms of technological and cultural development seenT
widely across southern England. Response to environmental change manifests itself in
transmigration along, across and finally off the floodplain, with shifts in settlement focus
between the London and Essex stretches of the river relating to land availability. The river
appears to have been the focus of ritual activity throughout the prehistoric, particularly
during transgressive episodes. It is only with the appearance of Roman culture and
religious beliefs that this ceases.
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Companson, particularly with [lie Severn cstualy and the Fenlaiid indicates that
the I lolocene activity in the Thames is consistent in many ways with activity in similar
Cnvin)nInCntS in southern Pintairi. l'liis should not be Surprising, but the wetland
archacology of the Thames estuary has been relatively poorly studied - the lens have
bcnciitcd from the presence of thc nearby Cambridge University and a department of
Archaeology with a strong research interest in local archaeology. This has led to a
tradition of licidwork in the region for many decades. Co-incidcutally, the same
department has also had a strong research interest in the Somerset levels, where the
pioneering work of John Coics (Coics and Hibbert 1968) established the area as a pre-
eminent location for English wetland studics, which extended into the Severn csniary.
Both these areas have benefited from large-scale wetland surveys, funded by English
Heritage (Olivier and Colcs 2001). Sadly, London has not had a university department
with an interest in its archaeology. Furthermore, the archaeological tradition in London,
strong though it is, is based on the urban rescue archaeology of the 1970's. There is a very
long gap between the pioneering work of men such as Spurrell. Blandford and even
Pcpys who recorded wetland archaeology as it appeared, and the records of the post-
PPGI6 generation of archaeologists. Nevertheless, the style is similar, with observations
made from small areas being developed that occur'by chance. The Thames cswary needs
a systematic approach to its archaeology before it can trnly be comparable with its better
recorded parallels in the Severn and the Fcns.
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Section IV: Conclusions
Chapter 13. Conclusions, Evaluation and the Future
13.1 Conclusions
Summary
This thesis has examined the evidence for RSL change in the inner Thames estuary over
the Holocene period whilst also considering the impact of such change upon the human
population. Several issues have been raised that may be of interest to researchers in the
future.
RSL analysis, using through tendency and age-altitude indicators has
demonstrated that the inner Thames estuary has been subject to gradually rising sea level
throughout the Holocene. A widespread phase of wetland expansion in the Neolithic and
Early Bronze Age co-incided with a slow down in the rate of rise, but is considered to
have occurred against a background of rising RSL Examination of archaeological
riverside structures indicates a drop in MTL during the Roman period, of c. 1 .5m. This
shows a reversal by the end of the Roman period continuing up to the period of artificial
embanking and reclamation, which is considered to show the beginning of anthropogenic
modification of tidal range, with the construction of the Colechurch London Bridge in
1081.
Examination of spatial patterning of archaeological evidence has shown that there
are changes in lifestyle, which appear to be a result of response to environmental change.
This is difficult to identify and harder to quantify, however, it seems that the human
population adapted to fluctuating land availability by moving upstream ahead of rising
waters, by using the greatest areas of expanding marsh and fmally by moving off the
infiuing floodplain altogether.
Various methodological aspects have assumed an importance in this work.
Palaeotidal range has been shown to be potentially more influential than compaction,
possibly inducing errors in the order of several metres. This may put calculations of
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indicative meaning, sample compaction, leveling error etc., into greater perspective. The
validity of using archaeological datasets to try and resolve past tidal range has been
demonstrated. Even tide gauge records for the last hundred years will be important
because RSL has risen significantly in this period (i.e. c. 1.5m at London Bridge,
www.environment-agency.gov.uk/subjects/flood/1 49357/). This measurement is
substantially more than the various error calculations attributed by Shennan (1986a; 1994)
and others, for instance (Jardine 1986) in their calculations of MSL The problem of
using modem tidal ranges for past MSL calculations will only be exacerbated in future as
RSL continues to rise. It could be argued that calculating past tidal range is more
important than producing more RSL graphs. This has a wider relevance than for scholarly
advancement; RSL data has a value to society with reference to flood defence. This is an
increasingly important part of life and indeed government spending
(www.defra.gov.uk/environ/fcd/; www.environment-agency.gov/subjects/flood/2
 11195) in
order to protect life and property as Britain becomes more siibject to coastal erosion and
flooding.
Miscalculation in academic study, although important, is not generally life
threatening. Currently, data generated through sea level research is being used to directly
influence calculations used for river defence in the Thames. Errors in the order of several
metres could have veiy substantial implications. For instance, the housing estates in
Thamesmead, where the Voyagers Quay and Gallions Reach sites may be found, is
currently four metres below MTL and protected by hard defences, but is downstream of
the Thames Barrier. Consequently, it is highly vulnerable to increasing river levels and
high magnitude-low frequency flood events. An underestimation of future river levels will
have serious impacts in such marginal areas. Although planning guidance (PPG25) is now
in place to attempt to restrict housing development in floodplains,
(www. planning. dtlr.gov.uk/riappg25/)
 it is unlikely that this will have much effect in areas
where pressure on land for redevelopment is high.
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13.2 Evaluation of aims and objectives
The oi-iginal aims of this study were:
1. To establish the record of relative sea level driven riverine and estuarine changes
in the inner Thames estuaxy during the Holocene
2. To examine developing patterns of archaeological settlement in proximity to the
Thames
3. To explore the links between data gathered during study of relative sea level
change and archaeology in the Thames floodplain
The first of these aims was identified as the central point of this thesis. Through
conventional sea level analysis, it has been shown that RSL has 'risen ahnost uninterrupted
throughout the Holocene. This was initially relatively rapid with widespread waterloing
on the Devensian gravels beginning from 7500 cal BC. This initial transgression was
followed by a reduction in the rate of RSL rise, with a concomitant wetland expansion,
from c. 4000 to 1500 cal BC. This was followed by a second major transgression that has
continued almost unintemipted until the present day, with an apparent drop in RSL
during the period c. Al) 50-300 shown in the archaeological record and through the
reconstruction of palaeotidal range.
The examination of archaeological activity within the geographical and temporal
limits of this study has shown that there is a relationship between environmental change
and human settlement within the floodplain. This is bound up with cultural processes,
nevertheless, it has been shown that settlement patterns shift to make best use of available
land, whether by moving downstream during the major regression, or by moving
upstream during transgressions to have some land to occupy. The centrality of the river to
religious beliefs seems clear, in conjunction with the use of the river to "consume"
offerings as displays of wealth. Even with the rise of urbanism, the importance of the
Thames is manifest in the manner the city spreads along rather than away from it.
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Aim 3 is concerned with the use and examination of two very difference methods
for reconstructing changes in the relative levels of the Thames and its floodplain. This key
outcome from this aim is that new light has been thrown on the issues of tidal range; a
subject that is contentious but often glossed over. The examination of the results obtained
through this research has shown significant problems with the established methodology
and suggestions have been made for how to rectify them using archaeological data. It
would appear that problems of using modern tidal range can outweigh issues of
compaction.
The original objectives were:
1. To revise the current sea level curves for the Thames (Devoy 1979; Long 1995;
Sidell Ct al. 2000, 110).
2. To establish a pattern of Holocene sedimentation in the middle Thames estuary.
3. To evaluate the geographical and archaeological methodologies used in the
construction of sea level index points.
4. To evaluate the use of palaeotidal data in the calculation of relative sea level.
5. To examine the influence of the human population on tidal range in the Thames.
6. To examine methods of reconstructing sea level changes in the historic period.
7. To examine the links between spatial patterning and chronological distribution of
archaeological sites Within the Thames floodplain.
8. To examine the validity of undertaking doctoral research using material collected
within the context of developer-ftinded archaeology.
Objective 1 has been undertaken through conventional RSL analysis, and the results
can be seen in Chapter 11. The new data confirm the trends shown by Long (1995), and
Sidell et a! (2000) but are at variance with the curves of Devoy (1979) in that no drop in
sea level is postulated for the period c. 4000-1000 cal BC.
Objective 2 relates to stratigraphy within the estuary. It is clear that the overall
stratigraphy is complex and local factors preclude the possibility of establishing a high-
resolution model of sedimentation within the floodplain. Nevertheless, there are
consistent trends which can be seen across the study area and are reflected in the
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stratigraphy recorded elsewhere, including, to some degree, the Devoy model (with the
exception of the typesite at Tilbuiy itself). These trends show a period of Early Holocene
to Late Mesolithic/Early Neolithic mineral accumulation, with estuarine clay silts forming
in the later stages of this. Subsequently, wood peats form throughout the study area,
replaced by alder carr and then salt marsh from the mid to the Late Bronze Age and
exceptionally, the Late Iron Age. This is replaced by a further phase of estuarine mineral
sedimentation, in most places only replaced by urban make-up, which can dates from the
Roman period onwards, depending on location. In some areas, such as Wennington,
urban development has yet to occur.
Objective 3 refers to overall methodology and it is now clear that archaeologists and
geographers can take aspects of methodology from each discipline in order to improve
the overall resolution of RSL calculations in environments where archaeological deposits
are present.
Objective 4 has been the focus of discussion in Chapter 11. It remains clear that there
is great need for modelling of palaeotidal levels, in that the data shown in this thesis
indicates almost a trebling in tidal range in the Thames over the last 2000 years.
Calculation of MSL using modem and "Roman" tide levels has shown a difference of up
to 5m and this underlines the importance of palaeotidal reconstruction.
Objective 5 is not discussed in great detail. It appears clear that there was no
anthropogenic influence on tidal range during the Roman and Saxon period whist no
revetting or embanking has been identified for the pre-Roman period along the Thames
at all. The construction of the Colechurch London Bridge seems to have been the first
example of anthropogenic impact on tidal range, with a weir-effect created on the
upstream side. It is subsequent to this that embanking and reclamation on both sides of
the Thames constricted the river sufficiently to increase tidal range.
Objective 6 has been addressed through the discussion in Chapter 11. It is clear that
there are still many difficulties to be overcome. The use of waterfront structures as proxy
data for establishing HAT, MHWST, MHWNT and MLWNT is based on logical
inference and is considered a robust method, within limited enor margins. These relate
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to the exactitude of the structures construction at HAT. However, what is less well known
is the limit of the estuary, particularly in the earlier part of the historic period. Therefore,
this method requires a more rigorous approach to ecological reconstruction and indeed
more work. From the earth sciences, it is dear that only few people have been able to
address RSL change over the last 2000 years, for instance (Edwards 2000; Cebrels et al.
1996; Van de Plassche 1999). The main problems come with access to suitable sediment,
which cannot easily be overcome, and dating difficulties, which can be resolved. Problems
with dating are largely blamed on the difficulty of dating what is generally minerogenic
sediment (Edwards 2001), however, this is a poor argument as techniques such as OSL
210
and Pb can be used in such situations (for example, see Cundy and Croudace 1996).
Objective 7 is of key interest to archaeologists working in the floodplain, and is
discussed in Chapter 12, where it is demonstrated that there are apparently real links
between environmental change and human activity, indicating an adaptive strategy to
changes in floodplain configuration. In the prehistoric period this is exemplified as
straightfoiward relocation to the areas of most suitable land whilst the Roman period
indicates attempted subjugation of natural forces to the needs of the urban population.
Throughout the Holocene, with the exception of the Early Saxon period, the river forms
a key aspect of life in this part of the Thames. The apparent disregard the pagan Saxon
population showed for the river is fascinating, but not readily explicable.
Objective 8 was included for a variety of reasons, not least of which was to examine
the justification for undertaking the work in the manner it has been undertaken. There
are good reasons for undertaking doctoral research within the context of developer
funded archaeology, such as availability of data and also, perhaps surprisingly, funding.
Nevertheless, there are certain drawbacks, which have been made manifest through this
work, most particularly relating to time-management and curation of material. Finding
time to undertake the research is extremely difficult, as in a commercial situation, there is
rarely time for research and it therefore requires an iron will to make time available. With
reference to curation of samples, in the unit and museum environment, the ideal situation
is to consign material to an archive store or a bin as quickly as possible, once analyzed.
Unfortunately, the duration (and perception thereof) required to analyze material varies
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from person to person, which can lead to the precipitate removal of samples. However,
experience has shown that loss of material can also happen in University depariments, so
this should not be considered a substantial reason for not undertaking doctoral research
from within a commercial unit. The scenario is indeed likely to become more common as
pressure on grants and the cost of living rise, in combination with the increasing need to
undertake a doctorate to progress a career in archaeology or indeed most academic
disciplines. This is likely to lead more students to undertake research part-time whilst
supporting themselves.
The key drawback of using data from developer-funded work is of location. These
sites occur because people wish to develop the land, not because of burning
archaeological issues. This was not considered to be a problem for this thesis because
several years elapsed from first conceiving the idea and then starling the work, which
allowed selection from a wide range of sites, partly because London is the most heavily
developed area in Britain. However, this would be a significant problem in less developed
areas and where time was more pressing. Nevertheless, it should be possible to add to the
corpus of sites by judicious fieldwork if permission can be obtained.
There are some advantages to undertaking research in this manner, generally
associated with money and other resources. Access to facilities such as archives and
SMR's may be easier than from an academic departrnent money for radiocarbon dates
can be obtained on the back of conventional projects whilst a further advantage comes
from being within a work environment with a peer group devoted to a closely allied
aspects of the subject matter, in this case, archaeologists investigating the development of
London. This can balance up the intellectual benefits of working within an academic
department where the research interests are many and varied.
Strengths and weaknesses
These need to be considered to gauge the success of aspects of the work. There are a
number of specific weaknesses, some of which have accrued through undertaking part
time research from a developer funded archaeological background, but these have been
outlined above. Examining the quality of the dataset is one aspect that must be
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considered. Taphonomy is one of the larger problems and makes comparison with
Devoy, for instance, difficult, particularly the identification of the Taxus forest This is
now well known along the stretch of the Thames, from both recent (i.e. See! 2001) and
antiquarian (i.e. Spurrell 1889) sources. Yet Devoy does not record it and it is impossible
to know is this is a real absence or not It seems unlikely, but difficult to prove. A further
issue of comparison comes with nomenclature. Devoy, although occasionally noting the
presence of gytjja, does not include such deposits on his diagrams (1979). Yet, these are
important sedimentary facies that can be used to show finer detail of depositional
environment than that which may be obtained through simple subdivision into
minerogenic or biogenic. This makes direct comparison with the new lithological dataset
difficult.
A further significant weakness of this work is the shortage of palaeotidal
modelling, which requires a detailed understanding of topography. It Is unlikely this can
ever be undertaken in the inner Thames because of the amount of change there has
been, through historical and recent modifications such as land reclamation and dredging.
In terms of strengths, several become apparent when this work is compared with
either archaeological or geographical works examining sea level change. Archaeological
research does not generally take a rigorous scientific approach to RSL reconstruction and
that must be seen as a weakness of approach. Furthermore, this research has drawn upon
a larger dataset than generally used for local/regional sea level analysis, both in terms of
sequences examined and sites available for comparison. In addition, the use of 49 new
radiocarbon and three dendro dates (admittedly not all of which could be used as index
points) is unusual and when combined with the extant database of sea level index points
for the Thames, must make the Thames one of the better served estuaries in England.
A further strength lies in the temporal and spatial coverage of this thesis. It has
been mentioned above that the historic period is difficult to examine. Through the use of
archaeological date, this has been undertaken to an extent. Furthermore, several
sequences with Late Devensian organic sedimentation have been incorporated, previously
unavailable information in the Thames. Spatially, this is the first time the inner Thames
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estuary has been examined in detail, and when combined with the work of Devoy, now
provides an estuary-wide model of RSL change.
13.3 Future directions
There are a series of issues that have been highlighted within this thesis as key points
requiring further research. These may be subdivided between archaeology and
geography and are presented here as bullet points. This is because the issues have been
discussed above in the text, or are generic to the discipline and do not need expansion.
Geography
These issues may be divided into those relating solely to the Thames estuary and more
generic issues, which although by no means new, are nevertheless of fundamental
Importance:
Thames estuary
• Establish why Tilbury appears to deviate from the general trends shown elsewhere
Research the poorly known periods such as the Early Holocene and the Saxon
period
Map and examine the ecological development of the Taxus forest
Create detailed palaeogeographic maps for the Thames to facilitate palaeotidal
modelling
Establish the reasons for the apparent drop in MSL during the Roman period
Generic
Research methods of resolving compaction issues associated with archaic
sediment.
+ Undertake palaeotidal modelling to use in the construction of index points.
+ Develop the use of historic tide data.
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Archaeology
Thames estuaty
Expand the area of coverage away from the City.
+ Establish the tidal range for the prehistoric period throughout the estuary.
+ Track the movement of estuarine waters throughout the Holocene, specifically for
crucial periods such as the Bronze Age and Roman period.
Generic
+ Enhance methods of using stratigraphy to measure RSL change.
+ Disseminate the use of archaeological methods and data to a wider audience.
+ Become more rigorous in the approach to sea level reconstruction.
+ Undertake cross-disciplinary projects on sea level change.
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